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Abstract	
	
Underground	Britain:	Public	perception	of	the	geological	subsurface.	
Hazel	Laura	Gibson	
	
Geoscience	operates	at	the	boundary	between	two	worlds;	the	visible	and	the	invisible.	
Increasingly,	new	geological	technologies	such	as	hydraulic	fracturing,	carbon	capture	and	
storage	(CCS)	and	radioactive	waste	disposal	are	drawing	the	public’s	attention	to	the	
‘invisible’	world	of	the	geological	subsurface.	This	presents	unique	communication	
challenges	because	these	technologies	exist	in	a	realm	that	can	never	be	physically	seen.	
This	thesis	addresses	this	issue	by	examining	the	psychological	perceptions	of	residents	in	
three	villages	in	the	south	west	of	England.	A	representative	sample	from	each	village	was	
qualitatively	interviewed	and	mental	models	were	constructed	from	the	resultant	data	using	
the	‘mental	models’	technique	(Morgan	et	al,	2002).	The	mental	models	were	then	
quantitatively	tested	using	a	questionnaire	to	assess	the	perceptions	that	a	broader	sample	
of	the	residents	of	these	locations	hold	towards	the	geological	subsurface.		
	
The	results	from	the	mental	models	assessment	identified	the	principal	perceptions	held	by	
the	majority	of	the	public	surveyed.	In	particular,	the	study	revealed	the	connection	
between	the	visible	surface	and	the	invisible	subsurface	and	how	different	participants	
engaged	with	that	boundary;	choosing	either	a	geoscience-centric	or	an	anthropocentric	
approach	to	penetrating	the	surface.	These	approaches	utilised	by	non-experts	differed	
from	those	employed	by	the	experts,	who	used	a	regionally	specific	geoscience-centric	
approach	to	visualising	the	subsurface.	The	work	provides	an	important	empirical	baseline	
from	which	to	develop	a	science-led	strategy	to	engage	the	general	public	with	new	
technologies	and	to	increase	our	understanding	of	the	more	broadly	held	conceptions	of	the	
invisible	subsurface.
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Chapter	1	Introduction	
	
	“You	talk	about	the	public	understanding	of	science,	but	it’s	equally	important	that	
scientists	understand	the	public	as	well	and	so	I	think	we	are	in	a	world	where	we	
need	a	public	engagement	actually	–	it’s	about	a	two	way	conversation	between	the	
scientific	community	and	all	the	publics.”	
	 	 	 	 	 	 	 	 Sir	Mark	Walport	(2014)	
	
	1.1	Rationale	
Increasingly	in	our	society,	issues	of	a	geological	nature	are	intruding	into	the	public	arena.	
Whether	through	decisions	at	a	policy	level	or	the	physical	reality	of	new	geological	industry	
in	the	local	area,	the	challenges	presented	by	the	expanding	needs	of	society	are	becoming	
a	more	prominent	concern	for	communities	all	over	Britain,	as	well	as	the	world	(Hoffman	
and	Barstow,	2007).	However,	communicating	about	geology	presents	a	unique	challenge,	
in	that	geology	as	a	subject	is	often	located	in	a	physical	sense	in	the	subsurface;	a	realm	
rarely	(if	ever)	seen	by	most	people.		
	
Studies	examining	the	public’s	perspectives	on	Carbon	Capture	and	Storage	(CCS)	and	
nuclear	waste	disposal	(Singleton	et	al.,	2009;	Skarlatidou	et	al.,	2012;	Wade	et	al.,	2013),	
show	that	the	average	person’s	relationship	to,	and	experience	with,	the	subsurface	is,	at	
best,	tenuous	and,	at	worst,	non-existent.	Singleton	(2009)	suggests	that	few	members	of	
the	public	approach	the	potential	risks	posed	by	the	deep	geological	storage	of	nuclear	
waste	material	from	a	rational	or	realist	perspective,	describing	a	scientific	or	actuarial	
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perspective	of	risk,	but	instead	use	heuristics	(experience	based	techniques	for	problem	
solving	such	as	‘the	rule	of	thumb’	or	‘educated	guess’)	and	socially	constructed	attitudes	
(that	in	some	cases	have	little	relationship	to	the	scientifically	agreed	risks)	on	which	to	base	
their	decisions.	This	perceived	lack	of	critical	understanding	and	approaches	to	risk	could	
cause	miscommunication,	misinformation	and	misunderstandings	between	scientists	and	
the	public	that	could	potentially	be	damaging	and	disruptive	to	communities	and	companies	
alike	(Schumm,	1998).	
	
One	specific	example	of	this	was	found	in	a	study	done	by	Wallquist	et	al.	(2010)	examining	
the	effects	of	misconceptions	and	preconception	on	the	public’s	assessment	of	risks	and	
benefits	of	Carbon	Capture	and	Storage	(CCS)	facilities.	In	this	survey	of	654	participants	of	
the	German	speaking	part	of	Switzerland,	it	was	found	that	several	intuitive	misconceptions	
were	not	only	present	within	the	survey	population,	but	in	many	cases	were	dominant.	One	
such	dominant	misconception	was	found	in	response	to	the	statement	‘I	imagine	injecting	
CO2	into	the	subsurface	being	comparable	to	pumping	up	a	huge	balloon	underground’	
where	the	majority	chose	an	answer	that	represented	a	misconception	(Figure	1.1).	
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Figure	1.1	Participant	answers	(n=654)	in	response	to	the	statement	‘I	imagine	injecting	CO2	
into	the	subsurface	being	comparable	to	pumping	up	a	huge	balloon	underground’,	showing	
that	the	majority	of	participants	either	selected	the	incorrect	answer	(Agree)	or	‘I	don’t	
know’.	
	
What	was	found	in	the	study	was	not	only	that	the	intuitive	misconceptions	were	clearly	
represented	in	the	survey	population,	but	also	that	they	had	a	significant	impact	on	the	
participants’	perceptions	of	CCS	risks	and	benefits.	In	particular,	participant	ideas	about	
storage	mechanisms	in	the	geological	subsurface	were	found	to	increase	the	perception	of	
risk	and	decrease	the	perception	of	benefits.	Additionally	it	was	suggested	that	socio-
economic	concerns	were	more	influential	on	participants’	risk	assessment	than	was	
technical	information.	The	variable	place	of	factual	data	led	the	researchers	directly	to	
conclude	that	experts	providing	additional	information	to	non-experts	would	not	necessarily	
improve	the	decision	making	ability	of	those	non-experts,	but	may	even	create	more	
misconceptions	that	would	act	as	a	barrier	to	future	development	(Wallquist	et	al.,	2010).		
	
	
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Don't	agree Don't	know Agree
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1.2	Aims	of	this	research		
In	order	to	attempt	to	understand	the	realities	of	this	perceived	lack	of	connection	between	
‘expert’	practitioners	and	‘non-expert’	public	perspectives,	this	research	examined	the	
perceptions	and	attitudes	to	subsurface	geology	of	selected	communities	in	the	South	West	
of	England.	The	study	of	public	perceptions	of	the	geological	subsurface	is	a	field	that	is	
under	represented	in	the	academic	literature,	which	is	possibly	due	to	the	interdisciplinary	
nature	(geoscience,	communication,	psychology)	of	such	a	study.	An	exception	to	this	
neglect	is	the	field	of	risk	awareness	(Plattner	et	al.,	2006),	which	reflects	a	growing	
appreciation	for	the	need	to	quantify	risk	communication	success	and	also	to	target	risk	
awareness	resources	in	the	most	appropriate	way.	To	address	this	question	of	the	public’s	
attitudes	to	the	subsurface,	this	research	investigated	specific	case	studies	of	three	villages	
in	the	South	West	of	England	and	how	the	residents	of	those	villages	perceive	the	geological	
subsurface.	
	
The	aim,	therefore,	of	this	research	was	to	investigate	the	public’s	perceptions	of	the	
geological	subsurface	and	discuss	how	these	insights	might	be	used	to	improve	geoscience	
communications.	This	central	aim	was	divided	into	four	more	specific	aims,	which	were	to	
discover:	
1. What	are	the	perceptions	of	geoscience	in	the	three	villages	under	study	(and	
how	is	that	visualised	both	at	a	conceptual	and	local	level)?	
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2. How	does	geoscience	perception	relate	to	perceptions	of	‘the	subsurface’	in	
particular?	
3. How	does	this	geoscience	perception	relate	to	levels	of	knowledge	and	
confidence	in	comparison	to	the	expert	perceptions	of	the	same	topics	(in	other	
words:	what	is	the	geoscience	literacy	of	the	non-expert	participants)?	
4. How	could	existing	levels	of	geoscience	perception	and	an	understanding	of	
geoscience	knowledge	be	used	to	improve	communications	between	experts	and	
non-experts?	
	
1.3	Research	objectives	and	thesis	structure	
To	achieve	the	aims	of	this	study	it	was	necessary	to	undertake	an	interdisciplinary	
approach,	combining	cognitive	psychology	with	geoscience.	Specifically	within	cognitive	
psychology	it	was	decided	to	utilise	a	'mental	models'	approach,	often	used	to	explore	
decision	making	processes.	This	method,	based	on	a	theory	initially	developed	by	Johnson-
Laird	(1983),	generates	complex	‘influence	diagrams’	which,	when	contrasted	with	a	
corresponding	expert	model,	allows	for	a	detailed	interpretation	of	the	public’s	perceptions	
of	an	issue	(Morgan	et	al.,	2002).	Although	the	method	usually	adopts	an	influence	diagram	
that	is	designed	to	follow	the	decision	making	process,	the	research	presented	in	this	thesis	
requires	the	use	of	an	‘inference	diagram’	to	follow	the	development	and	connection	of	the	
participants’	ideas	around	the	broader	ideas	generated	by	discussions	of	the	geological	
subsurface.	As	a	result	the	broad	framework	for	the	study	was	divided	into	five	research	
objectives:		
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1. To	complete	a	set	of	semi-structured	interviews	that	will	generate	a	series	of	
mental	models	to	represent	the	public’s	perception	of	the	subsurface.	
2. To	generate	an	expert	mental	model	based	on	the	scientific	literature	and	expert	
interviews	to	represent	the	expert’s	perception	of	the	subsurface.	
3. To	compare	these	models	with	an	‘expert’	model	to	identify	knowledge	gaps	and	
misconceptions,	peripheral	knowledge	and	vague	beliefs.	
4. To	ensure	the	validity	of	the	initial	models,	key	perceptions	and	attitudes	will	be	
extracted	from	the	models	and	tested	using	broader	targeted	questionnaires.	
5. The	key	perceptions	and	attitudes	that	relate	to	conceptual	gaps	between	
models	will	be	considered	in	the	context	of	improving	effective	communications	
about	geology	between	experts	and	non-experts.	A	series	of	recommendations	
will	be	developed	in	light	of	the	findings.	
	
In	this	thesis,	the	development	of	the	research	question	will	be	documented,	beginning	with	
an	interdisciplinary	literature	review,	provided	in	Chapters	2	and	3;	Chapter	2	will	review	the	
science	communication	literature	and	Chapter	3	reviews	the	geoscience	cognition	literature,	
together	with	some	pertinent	aspects	of	the	risk	communication	discourse.	Chapter	4	will	
outline	the	research	approach	and	the	theoretical	framework	for	the	study,	with	particular	
emphasis	on	the	mental	models	approach	and	the	rationale	for	including	a	3D	participatory	
mapping	method	alongside	the	semi-structured	interviews.	As	the	mental	models	approach	
requires	an	iterative,	data-based	development	of	the	method,	further	detail	of	the	
development	of	the	specifics	of	data	collection,	along	with	the	design	of	the	interview	and	
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questionnaire,	will	be	presented	in	the	two	results	chapters,	Chapter	5	highlighting	the	
qualitative,	interview	based	results,	analysis	and	mental	models	arising	from	this	data	stage	
and	Chapter	6	the	quantitative,	questionnaire	based	results,	analysis	and	statistical	findings	
from	this	data	stage.	Chapter	7	will	synthesise	a	discussion	of	the	results	from	the	whole	
study	in	the	context	of	geoscience	cognition	and	communication	literature,	and	will	provide	
recommendations,	whilst	Chapter	8	will	conclude	this	thesis	with	a	summary	of	the	findings,	
the	implications	of	this	work,	limitations	of	the	study	and	future	research	opportunities.	
	
1.4	Exploring	the	public’s	perception	of	geology,	a	pilot	survey	
Examining	the	public	perceptions	of	the	entire	subject	of	geology	was	considered	too	broad,	
so	it	was	necessary	to	construct	a	more	restricted	frame	for	the	research.	One	idea	that	
interested	the	researcher	was	the	connection	between	the	different	realms	of	geoscience,	
for	example	the	surface	and	the	subsurface,	and	how	those	realms	were	perceived	by	the	
public.	In	order	to	gauge	the	legitimacy	of	this	focus	for	the	study,	a	free	word	association	
task	was	used	to	examine	initial	public	responses	to	the	word	‘geology’.	This	study	was	
proposed	in	order	to	determine	how	prevalent	concepts	of	the	surface	and	the	subsurface	
were	within	a	subject	which	has	been	described	as	unfamiliar	to	the	public	(Vari,	2004).	
	
Participants	in	an	online	survey	were	asked	to	respond	to	the	following	prompt:	“What	five	
words	come	to	mind	when	you	see	the	word	'geology'?”	(Gibson	et	al.,	2016).		The	test	was	
compiled	and	delivered	using	the	web-based	survey	programme	SurveyMonkey	(2013).	
Some	initial	demographic	and	background	information	was	requested	including	gender,	
8	
	
highest	level	of	education	experienced,	and	whether	or	not	they	had	any	previous	
experience	of	geology.	These	attributes	were	found	to	influence	engagement	with	geology	
within	a	population	(van	Norden,	2002,	Bond	et	al.,	2007).	If	they	reported	experience	with	
geology,	participants	were	required	to	provide	extra	detail	as	to	the	nature	of	that	
experience.	Participants	were	then	presented	with	the	prompt	“What	five	words	come	to	
mind	when	you	see	the	word	'geology'?”	and	provided	with	five	open-text	boxes	into	which	
responses	were	entered.	Participants	were	included	in	data	analysis	if	they	entered	a	
response	into	at	least	three	of	the	five	textboxes	(Gibson	et	al.,	2016).		
	
1.4.1	Results	of	the	free	word	association	survey	pilot	study	
Coding	rubrics	were	developed	for	the	results	of	the	data	from	896	participant	responses,	
providing	4460	words.	These	were	then	subjected	to	an	iterative	refinement	process,	which	
resulted	in	a	95%	consistency	when	the	tester	compared	the	results	of	second	independent	
coding	with	the	original	test,	establishing	the	inter-rater	reliability	of	rubrics	used	to	code	
the	responses	(Tables	1.1	and	1.2).	Two	rubrics	were	created:	1)	emergent	thematic	analysis	
(Braun	and	Clarke,	2006)	to	identify	themes	arising	from	the	data	(Table	1.1)	;	and	2)	
application	of	a	pre-defined	coding	framework	based	around	the	mention	of	features	linked	
to	Earth’s	surface,	or	the	geological	subsurface	(Table	1.2).	
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Theme	 Definition	
Geological	
products	
• Words	represent	something	that	exists	physically	(you	can	
see/touch	it)	and	may	be	visible	at	a	variety	of	scales	(including	
global	or	solar	system)	
• Sometimes	includes	descriptions	of	an	object	that	may	inspire	an	
emotional	response	or	be	related	to	human	activity	(but	not	a	place	
of	work),	but	which	is	a	geological	object	nonetheless	
• Words	include	the	properties	or	features	of	an	object	as	long	as	
they	are	not	a	process,	for	example	‘lithology’		
• Words	also	include	locations	and	descriptions	of	locations	e.g.	
‘mountain’,	‘landscape’		
• Words	also	include	descriptions	of	physical	things	that	are	not	
always	visible	(air	or	energy)	
Geological	
processes	
• Words	are	descriptions	of	change,	technical	terms	for	processes,	
theories	and	all	descriptions	of	time	
• Includes	words	that	may	express	an	emotion	in	another	context	but	
also	describe	a	form	of	change		
• Also	includes	scientific	terms	that	are	processes,	but	also	describe	a	
type	of	science	(e.g.	‘stratigraphy’)	
Other	 • All	others	
• Includes	subject	descriptions	that	are	not	processes	e.g.	‘science’,	
‘biology’		
• Words	include	ambiguous	answers	(e.g.	‘structure/s’)	and	
definitions	that	can	apply	to	a	product	or	a	process	(e.g.	‘igneous’,	
‘metamorphic’,	‘sedimentary’	
• Words	also	include	names	or	specific	people	
Identity	of	a	
geologist		
• Words	are	work	related	and	include	geological	tools	
• They	also	include	the	‘culture’	of	geology	(e.g.	‘drinking’)	
• Also	includes	words	related	to	friction	caused	by	the	boundary	
between	society	or	individual	and	geoscience	as	a	subject	and	any	
activities	done	by	geologists		
• Words	include	places	of	work	e.g.	‘mine’,	‘fieldwork’,	‘outdoors’	
Emotional/	
experiential	
• Words	inspire	an	emotional	response	or	describe	the	experience	of	
geology	–	e.g.	‘adventure’,	‘learning’	
• Includes	words	related	to	how	the	respondent	feels	about	the	
subject	
• Non-scientific	descriptive	words	
Table	1.1	Rubric	representing	emerging	themes	in	data	
	
After	analysing	the	data	using	the	combined	emergent	codes	several	themes	were	identified	
in	the	data,	as	is	displayed	in	Table	1.1.	The	most	commonly	identified	theme	was	
‘geological	products’	(n	=	2787	words,	62.5%,	used	by	876	of	896	participants,	or	97.8%),	
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which	focused	on	words	particularly	relating	to	the	visible	aspects	of	geology.	Part	of	this	
could	be	due	to	the	fact	that	the	most	commonly	used	word	‘rocks’	(n	=	733),	is	included	in	
this	category.	However,	even	with	the	removal	of	this	word	from	the	coding,	the	‘geological	
products’	category	still	occurs	the	most	frequently.	Figure	1.2	demonstrates	the	words	
associated	with	this	theme.	Second	most	common	was	the	theme	of	geological	processes	
(n=	694	of	words,	15.6%,	used	by	496	of	896	participants,	55.4%	–	see	Figure	1.3),	followed	
by	the	third	most	common	‘other’	theme	(n=413	of	words,	9.3%,	used	by	313	of	896	of	
participants,	34.9%	–	see	Figure	1.4).	‘Identity	of	a	geologist’	(n=393	of	words,	8.8%,	used	by	
300	of	896	of	participants,	33.5%	–	see	Figure	1.5)	was	fourth	most	common	and	the	least	
frequently	occurring	theme	was	‘emotion/experiential’	(n=173	of	words,	3.9%,	used	by	120	
of	896	of	participants,	13.4%	–	see	Figure	1.6).	
Figure	1.2	Word	cloud	depicting	data	coded	into	the	‘geological	products’	theme	(n=2787,	
or	62.5%	of	words	used).	
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Figure	1.3	Word	cloud	depicting	data	coded	into	the	‘geological	processes’	theme	(n=	694	or	
15.6%	of	words	used).	
	
Figure	1.4	Word	cloud	depicting	data	coded	into	the	‘other’	theme	(n=413	or	9.3%	of	words	
used).		
	
12	
	
Figure	1.5	Word	cloud	depicting	data	coded	into	the	‘identity	of	a	geologist’	theme	(n=393	or	
8.8%	of	words	used).		
Figure	1.6	Word	cloud	depicting	data	coded	into	the	‘emotion/experiential’	theme	(n=173	
or	3.9%	of	words	used).	
	
What	was	particularly	useful	in	this	framing	exercise,	however,	was	to	see	how	frequently	
participants	used	words	that	related	to	the	geological	subsurface.	As	the	relationship	
between	different	realms	of	geology	was	an	area	of	investigation	that	had	been	proposed	at	
the	beginning	of	the	study,	but	little	specific	research	had	been	undertaken	in	this	area,	it	
was	decided	to	analyse	the	results	of	this	pilot	survey	to	uncover	how	dominant	perceptions	
of	the	geological	subsurface	were	in	the	public	mind.	The	results	of	this	initial	exploratory	
study	were	important	in	several	respects.	First,	the	results	helped	to	phrase	materials	in	the	
main	research	by	building	on	the	terms	participants	volunteered	that	were	unbiased	by	the	
researcher.	Second,	the	results	helped	decide	the	conceptual	focus	of	the	main	study	and	
potential	pitfalls	by	allowing	the	researcher	to	relate	this	very	basic	spontaneous	
understanding	to	characteristics	such	as	prior	involvement	in	geology.		
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Theme	 Definition	
Surface	 • Words	include	things	that	are	visible	(can	be	physically	seen)	
and	exist	on	or	as	a	part	of	the	surface	
• Includes	explicit	descriptions	of	the	surface	such	as	
‘mountain’,	‘outdoors’	
• Includes	all	sediments	–	‘sand’,	‘mud’,	etc	
• Includes	clear	surface-only	products	like	‘lava’	
• Includes	clear	surface-only	processes	like	‘glaciation’	
Subsurface	 • Words	include	clear	subsurface	processes	such	as	
‘subduction’	(also	processes	that	end	in	‘ism’	–	
‘metamorphism’)	
• Includes	indicators	of	subsurface	environment	
• Includes	obvious	subsurface	phrases	such	as	‘underground’	
• Includes	obvious	human	subsurface	interactions	such	as	
‘mines’	
Other	 • Any	terms	that	are	not	explicitly	surface	or	subsurface,		
• Includes	terms	such	as	‘Earth’,	and	vague	process	and	product	
related	terms	such	as	‘tectonics’,	‘fault’,	‘earthquake’	or	
‘rocks’	that	could	relate	to	either	surface	or	subsurface.		
• Includes	all	non-specific	human	activity	such	as	‘fieldwork’	
• Includes	descriptions	that	could	be	a	process	OR	a	type	of	
rock	e.g.	‘metamorphic’	
Table	1.2	Rubric	representing	analytical	themes	in	data,	specifically	subsurface	mentions.	
	
When	examining	the	frequency	of	words	that	mentioned	the	subsurface	in	particular,	it	was	
found	that	they	did	not	feature	very	commonly.	In	fact,	words	that	mentioned	the	
subsurface	represented	less	than	3%	of	the	total	words	analysed	in	the	survey	(n	=	113	of	
words	used).	A	graphic	of	the	words	coded	into	this	theme	is	visible	in	Figure	1.7.	
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Figure	1.7	Word	cloud	depicting	data	coded	into	the	‘subsurface’	theme	(n=113	or	2.5%	of	
words	used).	
	
Words	representing	an	aspect	of	the	surface,	by	contrast,	were	far	more	frequently	
encountered	(n	=	686	of	words	used).	The	words	from	this	theme	are	represented	in	Figure	
1.8.	It	should	be	noted	that	in	this	analysis	there	was	some	uncertainty	as	many	words	can	
be	interpreted	to	represent	either	the	surface	or	the	subsurface	(or	both),	for	example	the	
most	common	word	‘rocks’.	Because	of	this	ambiguity,	all	words	that	could	not	clearly	be	
related	specifically	to	the	surface	or	the	subsurface	were	categorised	as	‘other’.	As	with	the	
emergent	coding	theme	of	‘other’	this	represents	a	limitation	in	the	data,	however	in	order	
to	correct	this,	a	much	more	intensive	data	collection	method	would	have	to	be	used.	The	
rubric	used	to	code	these	themes	is	available	in	Table	1.2.	
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Figure	1.8	Word	cloud	depicting	data	coded	into	the	‘surface’	theme	(n=686	or	15.4%	of	
words	used).	
	
In	addition	to	the	thematic	analysis,	a	statistical	analysis	looked	at	associations	between	
socio-demographic	characteristics	and	words.	What	was	particularly	relevant	to	the	
development	of	this	research	was	the	fact	that	no	demographic	data	had	a	statistically	
significant	relationship	with	the	frequency	of	mentions	of	a	word	coded	in	the	subsurface	
category.	
	
Some	significant	relationships	were	identified	between	the	emergent	themes,	particularly	in	
relation	to	experience	with	geology.	Respondents	who	claimed	experience	with	geology	
were	significantly	more	likely	to	use	words	categorised	under	the	themes	of	‘identity	of	a	
geologist’	(χ2	(1)	=7.480,	p<.006)	and	a	‘geological	product’	(χ2	(1)	=4.801,	p<.028)	than	were	
respondents	with	little	or	no	experience	of	geology.	Educational	level	was	seen	to	be	
significant	in	the	use	of	an	identity	word	as	well	(χ2	(4)	=11.397,	p<.022),	which	is	perhaps	
not	surprising	given	the	frequency	of	those	who	claimed	a	high	level	of	education	and	
provided	additional	information	detailing	that	as	in	a	geological	field	or	who	claimed	a	
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personal	relationship	with	someone	who	was	a	geologist.	Another	significant	result	related	
to	the	connection	between	gender	and	the	theme	of	‘experiential/emotional’	words	(χ2	(2)	
=10.989,	p<.004),	which	showed	that	those	who	identified	as	female	were	significantly	more	
likely	to	use	an	experiential	word	to	describe	geology,	such	as	‘interesting’,	‘dynamic’	or	
‘fun’.	
	
The	initial	findings	from	this	survey	suggest	that	those	visible	elements	of	geology	may	be	
more	easily	expressed	than	those	invisible	subsurface	elements	of	geology.	This	is	related	to	
the	overwhelming	majority	of	words	(62.5%	of	total	words)	submitted	relating	to	a	visible	
aspect	of	geoscience,	identified	by	the	emergent	thematic	analysis	as	‘geological	products’.	
Whilst	experience	in	a	subject	is	considered	to	parallel	conceptual	familiarity	with	that	
subject	(Bond	et	al.,	2007),	this	research	indicates	that	self-reported	‘experience’	does	not	
equate	to	a	more	diverse	set	of	first	conceptual	impressions	from	those	that	may	have	been	
held	by	a	participant	who	stated	‘no	experience’.	In	particular	this	relates	to	the	
fundamental	subsurface	aspects	of	geology,	which	were	not	revealed	as	common	
conceptions	in	this	brief	survey.	This	is	important	because	whilst	most	geological	inquiry	is	
based	on	or	near	the	surface,		the	subject	of	geology	is	built	upon	an	understanding	of	
subsurface	processes	and	phenomena	(Frodeman,	1995;	Dodick	and	Orion,	2003b).	
	
However,	what	this	pilot	research	does	not	reveal	is	whether	the	participant	actually	does	
have	a	deeper	and	more	complex	conceptual	understanding	of	the	subsurface	than	implied	
by	that	apparent	absence	in	the	initial	free	word	association	test.	The	data	can	only	give	an	
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indication	of	whether	features	associated	with	the	subsurface	form	a	part	of	their	primary	
response.	What	is	clear	from	the	data	is	that	when	presented	with	the	stimulus	of	‘geology’	
as	a	broad	subject,	words	associated	with	the	geological	subsurface	are	rarely	expressed.	
The	only	group	that	appear	to	offer	an	exception	to	this	claim	are	those	who	have	
undergone	advanced	formal	education,	often	(as	was	suggested	by	anecdotal	evidence	
provided	by	respondents	in	the	‘experience’	response	box),	in	the	subject	of	geoscience.	
This	supports	previous	studies	that	identify	those	who	have	undertaken	advanced	geological	
training	as	having	different	conceptual	frameworks	compared	to	non-experts	(Frodeman,	
1995;	Kastens	and	Ishikawa,	2006b),	making	them,	as	Nield	states,	‘mentally	unusual’	
(Stewart	and	Nield,	2013a).	This	is	not	to	say,	however,	that	only	those	who	have	advanced	
geoscience	training	can	conceptualise	the	subsurface	when	thinking	of	geology,	but	rather	
that	they	may	be	more	likely	to	do	so.	
	
1.5	Indications	from	the	pilot	study	for	the	broader	aims	of	this	research		
As	a	result	of	this	pilot	study,	it	would	seem	that	one	of	the	defining	characteristics	of	
geoscience	as	a	subject	(the	subsurface)	is	not	present	in	many	people’s	initial	
conceptualisations	when	asked	to	spontaneously	name	words	associated	with	geology.	
Therefore,	focusing	on	how	people	conceptualise	the	geological	subsurface	from	both	an	
expert	and	non-expert	perspective	will	provide	data	that	is	of	vital	importance	to	improving	
how	geoscientists	communicate.	In	the	next	two	chapters,	the	literature	basis	for	this	study	
will	be	examined,	from	both	a	science	communication	and	geoscience	cognition	
perspective,	drawing	together	the	threads	of	this	interdisciplinary	research.	
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Chapter	2	Science	Communication		
	
2.1	Introduction	
This	chapter	will	cover	the	first	of	two	categories	of	literature	relevant	to	the	question	of	
how	to	improve	communication	about	the	geological	subsurface	by	examining	the	public’s	
perception	of	that	environment.	A	broad	range	of	literature	influences	the	communication	
and	perception	of	the	geological	subsurface,	originating	in	disciplines	such	as	sociology,	
psychology,	risk,	communications,	and	education.	In	order	to	provide	a	comprehensive	
review,	the	literature	review	has	been	split	into	two	chapters	–	science	communication	and	
geoscience	cognition.	The	science	communication	chapter	(Chapter	2)	will	examine	the	
influences	of	science	education	in	development	of	theories	such	as	the	deficit	model	and	
constructivist	model,	the	influence	of	science	literacy	and	the	development	of	science	
communication	paradigms	such	as	the	‘public	understanding	of	science’	(PUS)	and	‘science	
and	society’.	
	
The	second	literature	review	chapter	(Chapter	3)	will	draw	on	information	from	the	
burgeoning	field	of	geoscience	cognition	and	will	describe	how	the	field	has	been	influenced	
by	geological	reasoning	and	the	perception	of	risk	(in	geological	and	non-geological	fields).	It	
will	cover	the	relevance	of	the	social	construction	of	risk	theory	and	how	that	interacts	with	
theories	in	perception	such	as	the	influence	of	heuristics	(experience	based	techniques	for	
problem	solving	such	as	‘the	rule	of	thumb’	or	‘educated	guess’)	and	most	importantly	the	
affect	heuristic.	Chapter	4	will	then	introduce	the	theoretical	framework	that	was	created	
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by	combining	the	two	fields	of	science	communication	and	geoscience	cognition	together	by	
describing	the	mental	models	theory	and	how	that	method	can	reconcile	issues	raised	in	
both	chapters.	
	
The	question	of	how	we	communicate	complex	scientific	issues	and	promote	discourse	with	
a	public	that	may	be	less	experienced	or	educated	about	a	subject	than	the	communicator	
has	been	considered	for	decades.	From	‘science	literacy1’	to	the	‘public	understanding	of	
science2’	(PUS),	to	‘public	engagement	with	science3’	(PES)	and	‘science	and	society4’,	the	
one	thing	that	no-one	disagrees	with	is	that	science	communication	is	important	for	a	range	
of	cultural,	economic,	social	and	political	reasons	(DeBoer,	2000).	As	such,	researchers	from	
a	broad	spectrum	of	fields	have	attempted	to	address	this	issue,	creating	a	literature	that	is	
diverse	and	segmented.	As	a	consequence	of	this,	there	are	several	theories	which	have	
credence	at	this	time.	This	literature	review	will	begin	by	examining	the	prevailing	model	of	
science	communication	today,	the	constructivist	model,	and	review	how	it	emerged	from	
the	previous	deficit	model,	which	still	holds	sway	among	much	of	the	scientific	community.		
	
This	chapter	will	first	examine	what	the	constructivist	model	is,	and	its	origin	in	formal	
science	education.	Then	the	deficit	model,	an	alternate	model	of	science	education	and	
communication,	will	be	explored	along	with	a	consideration	of	how	the	deficit	model	and	
																																								 																				
1	Science	literacy:	the	capacity	of	the	public	to	understand	science,	engage	in	debates	and	make	decisions	about	science	
(Feinstein,	2011)	
2	Public	understanding	of	science:	a	paradigm	to	explore	to	what	degree	the	public	understands	and	agrees	with	science,	
the	work	of	scientists	and	science	policy	(Sturgis	and	Allum,	2004)	
3	Public	engagement	with	science:	a	paradigm	to	explore	to	what	degree	the	public	is	happy	to	engage	with	issues	of	
science,	the	work	of	scientists	and	science	policy	(Sturgis	and	Allum,	2004)	
4	Science	and	society:	a	paradigm	to	explore	the	placement	of	science	and	technology	within	society	as	a	social	construct	
(Wilsdon	et	al.,	2005)	
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the	use	of	standardised	testing	led	to	the	rise	(and	subsequent	fall)	of	science	literacy.	The	
influence	of	the	Bodmer	Report	(Bodmer,	1985)	and	the	transition	of	science	
communication	from	the	more	formalised,	science	education	based	public	understanding	of	
science	paradigm	to	the	more	inclusive	science	and	society	paradigm	will	be	discussed	in	the	
next	section.	Finally	the	chapter	will	consider	the	way	that	science	communication	has	
affected	the	specialised	field	of	geoscience	communication	(and	education)	with	a	
discussion	of	the	resurgence	of	literacy	and	the	impact	of	the	Earth	Science	Literacy	
Initiative	(ESLI)	(Wysession	et	al.,	2012)	will	also	be	examined.	
	
2.2	Science	education	and	the	constructivist	model	
Constructivism	is	a	term	with	many	meanings	(Matthews,	2002;	Colburn,	2000).	Although	
applied	in	a	science	education	context	ever	since	the	mid-1980s	(Duit	and	Treagust,	2003)	
constructivism	was	a	concept	first	described	by	philosophers	and	psychologists	as	a	way	of	
interpreting	the	world.	Constructivism	was	initially	depicted	as	the	way	that	people	
construct	their	own	reality	through	observation	and	experimentation	and	was	considered	
the	opposite	of	the	‘realist’	philosophy	of	science	(Gil-Perez	et	al.,	2002).		Realists	consider	
that	the	individual	develops	ideas	about	the	world	and	how	it	works	by	direct	observation	
(Devitt,	1991)	as	opposed	to	constructivism	(or	‘social	constructivism’	in	philosophy)		which	
includes	the	impact	of	a	social	filter	on	any	observations	of	the	world	(Latour,	1987).	The	
constructivist	approach	to	science	education,	however,	is	based	more	upon	the	works	of	
Thomas	Kuhn	(1962)	who	stated:	
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“The	particular	conclusions	[the	scientist]	does	arrive	at	are	probably	determined	by	
his	prior	experience	in	other	fields,	by	the	accidents	of	his	investigation,	and	by	his	
own	individual	makeup.”	(Kuhn,	1962,	page	4)	
	
Kuhn’s	idea	that	anyone	encountering	a	scientific	concept	for	the	first	time	approaches	it	
with	bias,	gave	rise	to	the	science	education	perspective	on	constructivism,	whereby	all	
students	bring	the	influence	of	previous	experience,	personal	belief	and	prior	knowledge	to	
science	learning	whether	inside	a	classroom	or	not	(Colburn,	2000).	In	geoscience	
education,	this	concept	has	been	particularly	useful	when	educators	are	considering	the	
influence	of	preconceptions,	which	can	disrupt	the	assimilation	of	new	data	in	the	learning	
environment	(Engelmann	and	Huntoon,	2011;	Francek,	2013;	Sibley,	2005).	Libarkin	and	
Kurdziel	(2001)	described	the	impact	that	pre-existing	alternate	conceptions	can	have	on	a	
student’s	learning	experience	in	geoscience:	
	
“If	students’	alternative	conceptions	are	not	engaged,	they	may	fail	to	grasp	the	new	
concepts	that	are	taught,	or	they	may	memorize	them	for	the	purposes	of	the	test,	
but	revert	to	their	alternative	conceptions	outside	the	classroom.”	(Libarkin	and	
Kurdziel,	2001,	page	378)	
	
The	influence	of	preconceptions;	those	ideas	relevant	to	a	subject	that	exist	before	the	
influence	of	communication	or	education	(Ausubel,	1968),	sometimes	called	misconceptions	
when	they	describe	conceptions	perceived	to	be	incorrect	(Novak,	1987)	or	alternate	
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conceptions	when	they	represent	conceptions	that	are	different	to	the	expert’s	(Driver	and	
Easley,	1978);	on	an	individual’s	learning	experience	is	not	limited	to	the	classroom,	but	is	
often	overlooked	by	science	communicators.	Preconceptions	become	something	to	be	
‘corrected’	by	providing	information	rather	than	engaged	with	to	develop	understanding	
(Bucchi,	2008).	Constructivism	in	science	education	makes	the	issue	of	preconceptions	
central	to	any	communication	and	attempts	to	address	the	particular	requirements	that	
communicating	to	diverse	and	subjective	audiences	brings.	However	complex	incorporating	
multiple	preconceptions	into	communicating	science	may	seem,	educators	and	
communicators	have	been	grappling	with	the	value	of	science	education	by	data	
engagement	rather	than	data	transfer	ever	since	education	in	the	UK	became	a	public	
requirement.	Thomas	Henry	Huxley	in	1904	wrote:	
	
“What	is	to	be	said	of	classical	teaching	at	its	worst,	or	in	other	words,	of	the	classics	
of	our	ordinary	middle-class	schools?	I	will	tell	you.	It	means	getting	up	endless	
forms	and	rules	by	heart.”	(Huxley,	1904,	page	6)	
	
The	desire	for	science	education	to	be	more	than	didactic	(based	in	the	perception	that	by	
just	presenting	the	student	with	information	you	are	doing	them	a	disservice),	was	central	
to	Huxley’s	thinking	that	science	learning	needed	to	be	experiential	and	constructed	in	
partnership	with	the	student,	grounded	in	their	own	previous	knowledge.	This	is	
constructivism	at	its	most	basic.	Fifty	years	later,	Piaget	was	adding	structure	to	this	concept	
with	his	work	on	the	learning	styles	and	development	of	children	(Piaget	and	Cook,	1952;	
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O'Loughlin,	1992;	Inhelder	et	al.,	1958).	Piaget	theorised	that	a	child	constructs	their	own	
cognitive	structures	that	allow	the	interpretation	of	the	world	through	an	individual	
framework,	which	changes	and	develops	through	various	defined	stages	as	the	child	grows	
(Piaget	and	Inhelder,	1967b;	Piaget,	1976).		
	
Piaget’s	theories	of	childhood	development	and	learning	are	considered	the	basis	for	
modern	constructivism	in	both	an	educational	and	philosophical	context,	as	they	permit	the	
child’s	ideas	about	the	world	to	be	removed	from	reality	and	instead	filtered	exclusively	
through	their	own	constructed	perceptions	(Driver	and	Easley,	1978).	Although	a	radical	
(and	sometimes	criticized)	version	of	this	concept	persists	in	the	work	of	psychologist	Ernst	
von	Glasersfeld	(1982),	most	often	Piaget’s	theories	of	childhood	constructed	learning	are	
interpreted	to	refer	to	the	impact	of	a	student’s	preconceptions	upon	learning,	partially	in	
the	field	of	science	education	(Driver	and	Easley,	1978,	O'Loughlin,	1992).	The	place	of	
constructivism	in	science	education,	however,	is	not	secure	as	it	is	both	lauded	and	
criticized.	In	part,	this	lack	of	consensus	exists	because	of	confusion	as	to	what	aspect	of	
constructivism	is	being	referred	to	by	the	user	(Gil-Perez	et	al.,	2002).	As	previously	
mentioned,	constructivism	is	a	term	with	many	definitions	in	different	fields,	from	
psychologists	(von	Glasersfeld,	1982)	and	philosophers	(Matthews,	1993)	as	well	as	
educationalists	and	communicators;	as	a	result	of	the	diverse	range	of	interpretations	the	
exact	meaning	of	constructivism	can	often	be	vague	or	unclear.	To	clarify	this	confusion	in	
the	context	of	this	study	of	the	public	perception	of	geology,	a	science	education	
interpretation	of	constructivism	is	used,	following	the	definition	of	Taber	(2006)	who	
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identified	seven	core	concepts.	The	following	seven	concepts	have	been	simplified	and	
streamlined	after	Taber	(2006):	
	
1. Knowledge	is	actively	constructed	by	the	learner,	not	passively	received	from	the	
outside.		
2. Learners	come	to	the	learning	situation	with	pre-existing	ideas	and	experiences.	
Some	of	these	ideas	are	unstable,	but	others	are	more	stable	and	well	developed.	
3. Although	every	learner	brings	individual	preconceptions	to	the	learning	
environment,	these	preconceptions	may	have	many	similarities	with	other	learners’	
preconceptions.	This	may	be	for	social	and	cultural	reasons,	and	be	relevant	to	
patterns	of	language	and	can	often	be	useful	tools	for	understanding	the	world.	
4. These	heuristic	ideas	can	be	incompatible	with	accepted	scientific	ideas,	and	some	of	
them	may	be	very	hard	to	alter.		
5. Knowledge	is	represented	in	the	brain	as	conceptual	structures,	and	it	is	possible	to	
model	and	describe	these	in	some	detail.		
6. Formal	education	has	to	take	the	learner's	existing	ideas	seriously	if	they	want	to	
alter	or	challenge	them.		
7. Although	knowledge	in	one	sense	is	personal	and	individual,	the	learners	construct	
their	knowledge	through	their	interaction	with	the	physical	world,	collaboratively	in	
social	settings	and	in	a	cultural	and	linguistic	environment.		
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From	this	definition,	constructivism	in	science	education	is	seen	to	specifically	reference	the	
influence	of	preconceptions	on	the	learner	and	the	learning	environment.	It	establishes	the	
importance	of	deducing	what	conceptions	are	held	by	the	learner	before	engagement	
begins	and	demonstrates	the	importance	of	recognising	the	tenacity	of	some	
preconceptions	that	may	be	different	to	those	held	in	scientific	consensus.	Although	
constructivism	has	always	had	a	place	in	science	education	and	communication	(Driver	and	
Easley,	1978),	it	was	by	no	means	the	only	model	in	use	in	science	education	in	the	latter	
part	of	the	20th	century.	Existing	almost	in	direct	opposition	was	another	central	paradigm	in	
science	education	theory:	the	deficit	model.	
	
While	the	constructivist	model	of	science	education	drew	from	a	structured	and	sequential	
development	of	learning	based	on	prior	experience	and	knowledge,	the	deficit	model	is	
based	on	a	much	more	traditionalist	method.	In	this	normative	format	of	science	education	
the	learner	is	viewed	as	‘the	blank	slate’	(Matthews,	2000,	page	511),	to	be	filled	with	
missing	knowledge	by	the	expert,	which	will	then	confer	understanding	(Hestenes,	2013;	
Frewer,	2004).	This	method	is	familiar	to	many	in	the	traditional	style	of	rote	memorisation	
used	in	classrooms	(Black,	1995)	and	in	standardised	testing	that	is	used	to	ascertain	
knowledge	and	the	reliance	on	information	leaflets	to	educate	the	public	(Durant	et	al.,	
1989).	All	of	these	conventional	communications	exemplify	the	deficit	approach;	by	
providing	data	to	an	uninformed	public,	that	public	can	gain	the	level	of	understanding	
deemed	necessary	(by	an	expert)	for	the	non-expert	to	be	considered	literate	or	to	engage	
in	meaningful	and	logical	decision	making.		
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The	deficit	model	is	an	habitual	method	of	providing	data	to	the	public,	which	arose	from	
the	teacher-centric	style	of	education	that	was	practiced	ever	since	the	early	20th	century	
(Huxley,	1904).	The	deficit	model	is	notable	due	to	the	degree	to	which	it	influenced	science	
communication	practice	in	the	latter	half	of	the	20th	century	and	the	beginning	of	the	21st	
century	(Bauer,	2009).	Many	science	professionals,	either	consciously	or	unconsciously	use	
this	method	as	a	default	when	communicating	(Dickson,	2005).	The	impact	of	merely	
providing	information	to	the	public	and	expecting	a	better	understanding	of	a	subject,	
however,	has	long	been	criticised	by	proponents	of	the	public	understanding	of	science	as	
being	overly	simplistic	and	not	very	effective	(Bubela	et	al.,	2009,	Bauer	et	al.,	2007,	Sturgis	
and	Allum,	2004).	Despite	its	opponents,	the	deficit	model	reigned	supreme	over	all	other	
models	of	science	education	and	communication,	including	the	constructivist	model,	for	
much	of	the	20th	century,	in	part	due	to	the	ease	with	which	it	can	be	assessed	using	
standardised	testing	(Orthia	et	al.,	2012).	Standardised	testing	of	both	school	children	and	
the	general	public	is	based	on	a	concept	that	arose	from	the	very	heart	of	the	deficit	model:	
science	literacy.	
	
2.3	The	rise	of	science	literacy		
Since	the	1950s,	growth	in	the	fields	of	science	and	technology	has	increased	demand	for	
citizens	who	are	trained	and	informed	on	different	aspects	of	science.	Not	only	were	
students	of	science	needed	to	fill	the	expanding	workplaces	that	developed	out	of	the	
technological	boom	of	the	latter	half	of	the	20th	Century,	but	changes	in	everyday	life	
demanded	a	level	of	science	understanding	that	was	not	seen	as	a	priority	before	the	
Second	World	War	(Hurd,	1958).	In	order	to	meet	the	need	for	a	scientifically	competent	
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workforce,	the	UK	government	started	to	implement	mandatory	science	training	and	to	
assess	its	effectiveness	the	concept	of	‘science	literacy’	was	created	(DeBoer,	2000).	
	
In	educational	terms,	literacy	means	the	extent	to	which	an	individual	has	gained	the	ability	
to	translate	and	understand	written	text,	but	science	literacy	has	come	to	mean	much	more	
than	just	being	able	to	read	the	language	of	science	(Feinstein,	2011).	Science	literacy	is	
commonly	used	in	combination	with	the	deficit	model	as	a	way	to	assess	the	capacity	of	the	
public	for	cogent	scientific	reasoning.	Therefore,	if	a	new	technology	is	proposed,	some	
scientists	and	communicators	will	invariably	reference	the	required	level	of	scientific	literacy	
needed	by	the	public	to	engage	with	this	new	issue,	and	prescribe	the	information	required	
in	order	to	‘bring	them	up	to	that	level’	(Yankelovich,	1982).	This	has	been	described	as	
“civic	science	literacy”	(Miller,	1998,	page	204).	Science	literacy,	a	term	previously	
irrevocably	linked	with	science	education,	became	a	measure	of	the	ability	of	a	person	or	
community	to	access	and	utilise	knowledge	in	science,	rather	than	just	a	measure	of	
knowledge	about	science	(Laugksch,	2000).	It	was	described	as	‘what	the	general	public	
ought	to	know	about	science’	(Durant,	1993,	page	129),	which	is	a	markedly	different	
approach	to	the	more	liberal	and	socially	oriented	approach	of	earlier	decades.	
	
As	science	literacy	moved	beyond	merely	being	a	way	to	ensure	the	most	technologically	
adept	workforce	and	towards	it	being	a	tool	connected	with	social	equality,	advancement	
and	empowerment	(Miller,	2001;	Kolstø,	2001;	DeBoer,	2000;	Liu,	2009),	attempts	have	
been	made	to	quantify	science	literacy	in	populations.	Part	of	the	challenge	of	defining	
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science	literacy	arises	from	the	diverse	stakeholders	now	using	‘science	literacy’	for	their	
own	political	or	economic	means	(Laugksch,	2000).	It	has	been	suggested	that	the	model	of	
science	literacy	assessed	by	the	UK	government	in	publications	such	as	the	‘Science	and	
Society	Report’	(House	of	Lords,	2000)	and	the	‘Science	and	the	Public	Report’	(Dexter,	
2000),	focus	too	heavily	on	the	economic	or	financial	value	of	science	literacy	and	less	so	on	
the	capacity	for	science	literacy	to	encourage	a	‘life-long	participation	in	science’	(Liu,	2009).	
This	criticism	highlights	the	growing	tension	that	arises	from	the	use	of	science	literacy	as	a	
measure	of	scientific	ability	and	understanding.	
	
Perhaps	it	is	not	surprising	then	that	the	definition	of	science	literacy	has	been	debated	at	
great	length.	Many	authors	have	attempted	to	describe	what	it	is	to	be	‘science	literate’	
(Pella	et	al.,	1966;	DeBoer,	2000;	Laugksch,	2000;	Libarkin,	2001)	and	have	used	various	
scales.	A	commonly	accepted	definition	in	science	education	and	communication	includes	
the	following	three	elements	provided	in	an	example	from	Wilkinson	(2010):	
		
• A	level	of	understanding	of	science	knowledge,	facts	and	
concepts	(also	called	‘science	content’)	
• A	level	of	appreciation	for	scientific	methods,	practices	and	
processes	through	which	evidence	is	gathered	and	theories	are	
validated	(also	called	‘science	method’)	
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• A	level	of	appreciation	of	the	content	and	methods	of	science	
in	order	to	understand,	question	and	discuss	science	in	an	
everyday	context	(also	called	‘science	within	a	social	context’)	
(Wilkinson,	2010,	page	58)	
			
Although	a	more	detailed	description	provided	by	Petcovic	and	Libarkin	(2007)	also	includes	
‘attitudes	towards	science’	and	‘critical	thinking’,	Wilkinson’s	more	simplified	version	
represents	the	essential	building	blocks	of	definition	that	are	demonstrated	by	most	who	
use	science	literacy;	particularly	in	several	governmental	studies.	Regardless	of	any	
perceived	drawbacks	in	design	and	implementation	the	reports	conducted	by	the	UK	
Government	over	the	last	decade	or	so	contain	a	lot	of	valuable	data	about	public	attitudes	
to	science	in	the	UK.	In	particular,	a	regular	survey	carried	out	by	the	Ipsos	MORI	group	on	
public	attitudes	to	science,	examines	attitudes	to	science	as	a	subject,	scientists,	science	
policy	and	scientific	research.	The	most	recent	study	found	that	72%	of	people	agreed	with	
the	opinion	that	science	was	so	important	as	to	be	a	part	of	daily	life,	see	Figure	2.1	(Ipsos	
MORI,	2014).	Although	this	states	that	the	general	public	value	science,	how	much	is	
actually	known	or	understood	about	specific	scientific	subjects	is	a	question	that	remains	
unresolved.	
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Figure	2.1:	Chart	that	shows	the	increasingly	positive	change	in	the	way	that	science	is	
valued	by	the	public	over	last	25	years	based	on	data	from	the	most	recent	Ipsos	MORI	
survey	(2014).	Permission	to	reproduce	this	image	has	been	granted	by	Ipsos	MORI.	
	
Recent	studies	of	science	literacy	(Stocklmayer	and	Bryant,	2012)	have	focused	on	the	
science	content	component	of	science	literacy;	what	aspects	of	‘knowledge’	are	present	in	
students’	cognitive	models,	rather	than	what	their	understanding	of	the	subject	is	or	their	
knowledge	of	method.	Though	there	are	exceptions,	such	as	Libarkin	and	Anderson	(2005)	
who	examined	perceptions	of	broader	concepts	of	science	practice	in	their	assessment	
using	subject	inventories,	more	often	science	literacy	studies	focus	on	science	content	
knowledge	rather	than	any	other	aspects	of	scientific	understanding.	The	focus	of	science	
literacy	as	meaning	mainly	science	content	is	typified	by	the	Durant	et	al.	(1989)	survey	on	
the	public	understanding	of	science,	which	used	a	knowledge	scale	typified	by	such	
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statements	as:	“the	centre	of	the	Earth	is	very	hot”	and	“the	continents	are	moving	about	
on	the	surface	of	the	Earth”,	to	which	the	participant	had	to	respond	‘true	or	false’.	The	
survey	based	this	measurement	of	literacy	on	the	deficit	model	premise,	employing	the	
assumption	that	those	individuals	whose	knowledge	matched	that	of	the	expert	were	
considered	literate,	and	those	whose	knowledge	did	not	match	the	expert	were	considered	
deficient.	The	appropriateness	of	this	test	has	been	contested	by	Stocklmayer	and	Bryant	
(2012)	who	argued	that	this	survey,	whilst	demonstrative	of	a	certain	level	and	type	of	
knowledge,	may	be	less	effective	in	representing	scientific	literacy	due	to	its	focus	on	factual	
knowledge.		
	
In	order	to	examine	the	validity	of	the	Durant	survey	several	researchers	have	repeated	it	
(with	minor	modifications)	in	2005	(Eurobarometer,	2005),	2008	(National	Science	Board,	
2010)	and	2012	(Stocklmayer	and	Bryant,	2012).		Due	to	the	general	stability	of	educational	
methods	in	the	countries	that	were	surveyed	during	the	period	of	the	studies,	the	results	of	
the	surveys	are	interpreted	to	represent	an	assessment	of	the	effectiveness	of	the	deficit	
model	in	teaching	science	to	a	non-expert	population	(Stocklmayer	and	Bryant,	2012).	The	
results	were	fairly	conclusive.	During	the	period	of	1989-2012,	no	appreciable	improvement	
of	science	knowledge	was	measured	by	the	surveys,	indicating	that	the	deficit	method	of	
science	education,	whilst	it	may	apply	in	some	limited	circumstances,	is	difficult	to	justify	its	
use	to	improve	science	knowledge	in	the	general	population.	The	‘value	of	science’	
remained	strongly	held	in	the	minds	of	the	general	population	(Ipsos	MORI,	2014),	but	the	
method	or	practice	of	science	was	less	well	understood.	In	an	interesting	reversal,	
Stocklmayer	and	Bryant	(2012)	applied	the	questions	developed	by	Durant	et	al.	(1989)	to	
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representatives	from	the	scientific	community.	This	particular	sample	consisted	of	
participants	who	had	substantial	experience	in	science,	often	with	advanced	degrees	and	
could	confidently	be	described	as	scientifically	literate.	In	the	completion	of	this	test	
however,	a	number	of	these	respondents	answered	the	questions	incorrectly	or	selected	
the	uncertain	option,	which	should	indicate	that	those	respondents	are	scientifically	
illiterate.	In	fact	for	a	number	of	questions	the	responses	showed	that	the	scientists	were	
“less	comfortable”	with	the	solution	than	the	public	because	they	felt	that	the	answers	were	
not	sufficiently	detailed	as	to	be	‘correct’	(Stocklmayer	and	Bryant,	2012,	page	93).	This	
failure	of	the	Durant	survey	to	identify	the	science	experts	not	only	demonstrates	the	need	
for	a	more	comprehensive	method	of	assessing	science	literacy	than	just	measuring	
knowledge,	but	also	shows	the	difficulty	in	measuring	scientific	literacy	when	there	isn’t	one	
single	consensus	of	the	context.	
	
In	the	early	20th	century,	literacy,	and	particularly	science	literacy,	was	described	as	a	
desired	familiarity	with	science	on	the	part	of	the	general	public	(DeBoer,	2000),	which	is	
now	viewed	as	an	idealistic	perspective	of	science	communication	(Wilkinson,	2010).	Since	
then	an	increased	commercialisation	of	science	has	reduced	that	definition	to	a	series	of	
easily	measured	science	content	markers.	Science	literacy,	although	it	developed	out	of	a	
need	to	engage	the	public	with	the	fast	moving	new	technologies	of	the	early	1900s,	swiftly	
became	a	way	to	measure	science	knowledge	as	it	moved	out	of	the	sitting	rooms	of	the	
wealthy	gentleman	scientist	and	onto	the	factory	floor	(Waller,	2001).	The	increasing	
democratisation	of	the	UK	government	coupled	with	the	education	reforms	of	the	late	19th	
century	only	hastened	this	need	for	a	well	documented	and	well-informed	public	(Hurd,	
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1958).	In	1916,	Dewey	advocated	that	science	should	be	studied	to	gain	a	broad	
understanding	of	the	natural	world	and	how	it	affected	the	public,	both	personally	and	
socially	and	now	100	years	later	with	the	deficit	model	of	science	literacy	as	a	
representation	of	science	content	increasingly	under	fire,	this	interpretation	is	once	again	
gaining	validity	(DeBoer,	2000).		
	
2.4	The	Bodmer	Report;	moving	from	science	literacy	towards	a	broader	interpretation	of	
the	public	understanding	of	science	
The	deficit	model	remained	the	dominant	theory	used	in	science	education	when	the	
subject	experienced	a	fundamental	paradigm	shift	following	the	publication	of	the	Bodmer	
Report	(1985).	This	report,	so	named	for	Sir	Dr	Walter	Bodmer	F.R.S.	the	leader	of	the	
group,	championed	a	new	perspective	towards	scientific	understanding,	or	as	it	was	more	
commonly	referred	to	in	the	UK,	the	‘public	understanding	of	science’	(Sturgis	and	Allum,	
2004).	The	Bodmer	Report	described	how	in	the	past,	research	had	been	directed	towards	
attitudes	to	science	and	technology	and	factual	comprehension,	which	were	particularly	
centred	within	the	formal	education	system	(Royal	Society,	1985)	.	That	standard	
educational	platform	for	establishing	science	literacy	(the	deficit	model)	was	based	on	
“knowledge,	skills	and	understanding	on	which	their	subsequent	development	at	home	and	
at	work	will	build”	(Bodmer,	1985,	page	17),	but	the	Bodmer	Report	went	further,	stating	
that:		
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“The	teaching	of	science	should	impart	not	only	knowledge	of	scientific	facts	but	also	
familiarity	with	scientific	method,	the	nature	and	limitations	of	scientific	method	and	
knowledge,	the	history	of	science	and	the	social	roles	of	science	and	technology.”	
(Bodmer,	1985,	page	17)	
	
Bodmer’s	assertion	marked	a	shift	towards	the	more	socially	inclusive	view	of	science	
literacy	that	values	understanding	of	science	as	well	as	knowledge	of	scientific	facts.	In	
addition	the	report	became	a	turning	point	which	was	linked	with	science	education	and	
communication	practitioners	choosing	to	reject	the	deficit	model	of	teaching	and	learning,	
which	was	at	the	time	the	dominant	model	of	science	education	and	communication.		
	
The	Bodmer	Report	was	one	of	the	original	reviews	that	examined	the	public’s	
understanding	of	science	and	was	conducted	by	the	Royal	Society	between	1983	and	1985.	
It	was	a	pivotal	report	as,	for	the	first	time	it	identified	clearly	the	impact	that	science	has	on	
the	UK	population	from	a	personal	to	a	national	level.	It	placed	science	communication	at	
the	centre	of	a	national	agenda	to	improve	Britain’s	ability	to	operate	in	a	scientifically	
advanced	world	and	to	enhance	those	citizens’	abilities	to	understand	the	science	that	was	
affecting	their	lives.	It	also	drew	attention	to	the	fact	that	science	communication	could	not	
just	be	about	rote	learning	of	facts,	but	that	a	true	understanding	of	science	was	based	on	
“a	comprehension	of	the	nature	of	scientific	activity	and	enquiry”	(Bodmer,	1985,	page	7).	
The	report	also	highlighted	the	need	for	a	greater	awareness	of	the	public’s	understanding	
of	science,	rather	than	merely	their	attitudes	to	science	in	national	surveys.	
35	
	
	
“Better	overall	understanding	of	science,	would	in	our	view,	significantly	improve	the	
quality	of	public	decision-making,	not	because	the	‘right’	decisions	would	then	be	
made,	but	because	decisions	made	in	the	light	of	an	adequate	understanding	of	the	
issues	are	likely	to	be	better	than	decisions	made	in	the	absence	of	such	
understanding.”	(Bodmer,	1985,	page	9)	
	
There	was	a	strong	focus	in	the	report	on	children	and	the	importance	and	influence	of	
formal	and	informal	learning,	which	since	the	publication	of	the	report	has	been	expanded	
to	incorporate	the	attitudes	of	adults	as	well.	This	emphasis	on	the	learning	of	children	is	
understandable	given	the	limited	influence	of	science	education	within	a	formal	compulsory	
setting	up	to	this	point	(Bauer	et	al.,	2007).		In	the	30	years	since	the	publication	of	the	
Bodmer	Report,	the	focus	of	social	scientists	and	psychologists	researching	the	
understanding	of	science	has	mostly	been	on	the	public’s	attitudes	to	science,	rather	than	
public	knowledge	of	science.	Science	communication	has	been	seen	as	a	way	of	modifying	
the	behaviours	and	acceptance	of	the	non-expert	publics	in	regards	to	specific	scientific	
endeavours	as	opposed	to	engaging	them	in	discussion	(Stocklmayer	et	al.,	2010).	One	
particular	example	of	this	can	be	found	in	the	field	of	climate	change	research	where	
communication	of	climate	science	is	frequently	utilised	in	an	attempt	to	change	the	
behaviour	of	individuals,	or	as	Ockwell	et	al.	(2009)	described	it:	to	encourage	the	adoption	
of	a	‘green’	or	‘low-carbon’	lifestyle.	Moser	(2010)	identified	in	her	review	of	the	
development	of	climate	science	communication	that	early	communicators	would	have	
benefited	from	adopting	the	knowledge	and	practices	of	those	from	communication	and	
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behavioural	science	research,	as	much	of	the	early	climate	science	communication	was	done	
with	the	intent	to	influence	behaviour	and	policy.	Similarly,	the	study	of	public	confidence	in	
science	addresses	the	concerns	of	experts	in	the	public’s	ability	to	communicate	effectively	
with	them	due	to	the	disproportionate	influence	of	non-expert	fears	and	misconceptions	
(Wallquist	et	al.,	2010).	
	
In	light	of	the	Bodmer	Report,	science	literacy	was	re-examined	for	its	value	in	measuring	
science	understanding	against	the	three	elements	of	science	literacy	as	previously	described	
by	Wilkinson	(2010):	science	content;	science	method;	and	science	context.	With	the	fall	of	
the	deficit	model	from	prominence	in	both	educational	and	science	communication	fields,	
the	study	of	science	literacy	has	been	argued	to	be	irrelevant,	as	it	is	too	concerned	with	the	
public	knowledge	of	facts	(Laugksch,	2000).	Studies	have	shown		that	factual	knowledge	
(science	content),	whilst	useful	in	scientific	discussion,	is	not	essential	to	understanding,	
whereas	an	appreciation	of	the	scientific	method	and	an	ability	to	assess	data	in	a	social	
context	has	been	shown	to	be	much	more	influential	in	facilitating	a	scientific	discussion	or	
decision	for	the	public	(Bezzi,	1999;	DeBoer,	2000;	Miléř	and	Sládek,	2011).	Evidence	for	this	
argument	that		science	context	and	science	method	are	more	important	for	promoting	
discussion	than	science	content,	can	be	seen	in	the	way	that	scientists	engage	with	a	
specialist’s	topic	that	is	not	their	own.	In	the	study	done	by	Stocklmayer	and	Bryant	(2012)	
comparing	professional	scientists’	ability	to	correctly	answer	a	literacy	questionnaire	with	
the	public,	they	found	that	although	outside	their	discipline,	some	scientists	could	be	said	to	
have	no	more	science	content	knowledge	than	a	non-expert	member	of	the	public,	
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scientists	could	use	skills	learnt	in	their	discipline	to	gather	knowledge	in	other	areas.	This	
was	called	asset-based	models	of	knowledge	(Stocklmayer	and	Bryant,	2012).	
	
Literacy	as	a	measure	of	knowledge	can	be	confining,	as	it	is	strongly	connected	to	the	
deficit	based	educational	theories	that	often	form	the	basis	of	science	communication	
(Gormally	et	al.,	2012).	This	is	particularly	relevant	when	examining	geoscience	literacy,	
because	geology	is	a	subject	not	often	taught	comprehensively	in	schools	(King,	2008)	and	
so	factual	science	content	knowledge	is	frequently	sparse.	Often	the	gap	in	knowledge	that	
is	addressed	by	science	education	is	between	the	expert	and	the	non-expert,	or	novice.	This	
gap,	which	can	also	be	described	as	that	between	teacher	and	student,	is	frequently	an	
unbalanced	one	(Pool,	1991).	Despite	the	influence	of	the	constructivist	model,	the	expert	
or	teacher	is	always	seen	as	the	superior	party,	and	all	attempts	at	communication	involve	
bringing	the	non-expert	or	novice	to	the	same	level	as	the	expert.	One	way	of	progressing	a	
student	along	the	novice-expert	continuum	is	through	the	use	of	appropriate	scientific	
language.	Therefore,	linguistic	ability	is	seen	as	a	central	marker	in	how	much	a	person	can	
be	considered	an	expert	in	the	field	that	they	are	engaged	with	(Petcovic	and	Libarkin,	
2007).			
	
A	recent	study	into	science	literacy		in	the	UK	has	also	revealed	that	although	people	
express	a	high	level	of	interest	in	science	as	a	broad	topic,	individual	subjects	within	the	
‘science’	concept	umbrella	are	often	rated	as	having	less	importance,	despite	their	greater	
specificity	(Ipsos	MORI,	2014).	These	individual	subjects	are	most	often	placed	in	a	scientific	
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literacy	framework	as	a	way	of	measuring	students’	attainment	rather	than	public	
understanding,	and	are	often	focused	more	strongly	on	what	aspects	of	‘knowledge’	are	
present	in	students’	cognitive	models	rather	than	their	understanding	of	the	context	of	the	
subject	or	their	knowledge	of	method	(Engelmann	and	Huntoon,	2011).	It	should	be	noted	
that	a	few	specific	subject	inventories	do	include	questions	regarding	attitudes,	context	and	
method,	such	as	the	Geological	Subject	Inventory	designed	by	Libarkin	and	Anderson	
(2005).	
	
Thus	it	can	be	argued	that	in	order	to	understand	how	to	effectively	communicate	science,	
the	expert	needs	to	understand	what	the	public	already	knows	about	the	subject.	Over	the	
last	40	years,	scientists’	attitudes	to	the	public	have	changed	from	their	being:	largely	
unimportant	(Bucchi,	1996);	to	ignorant	of	science	and	needing	education	(Wilkinson,	2010);	
to	a	source	of	trepidation	and	a	threat	to	the	scientific	process	(Logan,	2001).	In	
combination	with	the	paradigm	shift	in	science	communication	that	was	provided	by	the	
Bodmer	Report,	this	changing	perception	of	‘the	public’	has	stimulated	a	fundamental	
attitude	change	in	scientists	and	science	communicators,	bringing	science	context	and	
science	method	into	the	spotlight	of	science	literacy	and	communication.			
	
2.5	A	transition	from	the	public	understanding	of	science	to	science	and	society	
Following	the	publication	of	the	Bodmer	Report,	challenges	to	the	dominance	of	the	deficit	
model	allowed	the	constructivist	model	to	once	again	come	under	scrutiny.	This	resurgence	
of	the	constructivist	model	enabled	science	communication	researchers	to	also	develop	
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several	other	theories	of	science	communication	derived	from	the	constructivist	model,	
which	resulted	in	a	diverse	field	of	study.	Key	amongst	these	new	models	of	science	
communication	were	models	that	embraced	forms	of	science	communication	that	were	less	
didactic,	such	as	the	dialogue	model	(Bauer	et	al.,	2007),	the	conceptual	model	(Bultitude,	
2011),	the	context	model	(Sturgis	and	Allum,	2004)	and	the	democratic	model	(Dickson,	
2005).	These	different	models	are	described	in	Table	2.1.	
	
	 Aims	
Dialogue	model	
(Bauer	et	al	2007)	
Discussing	implications	of	research,	encouraging	limited	feedback	
from	selected	stakeholders	(Bucchi,	2008)	
Conceptual	model	
(Bultitude,	2011)	
(Weigold,	2001)	
Described	as	‘what	the	public	wants	to	know	and	their	level	of	
interest’,	also	connected	to	civic	science	and	democratic	model,	
knowledge	co-production	(Bucchi,	2008)	
Context	model	
(Sturgis	and	Allum,	
2004)	
Focuses	on	the	“information	environment”	where	the	audience	
“create	and	share	knowledge	and	information	with	others”	
(Lievrouw,	2001	page	13)	and	is	open	ended,	can	be	connected	to	
democratic	model	
Democratic	model	
(Dickinson,	2005)	
Linked	to	civic	science	literacy,	frequently	multi-directional	and	
associated	with	setting	the	aims	of	research	(Bucchi,	2008)	
Table	2.1	The	similarities	and	differences	of	several	models	of	science	communication	that	
developed	from	the	constructivist	model	following	the	publication	of	the	Bodmer	Report.	
	
Despite	the	dialogue	model	embracing	a	more	circular	method	of	communication	where	all	
sides	participate	in	the	debate	and	the	differences	of	social	influence	are	considered	(Van	
Dijk,	1998),	the	model	is	still	heavily	weighted	toward	the	knowledge	of	the	expert	or	
communicator	(Hilgartner,	1990).	Although	all	sides	are	perceived	to	participate	in	the	
communication,	more	often	than	not,	the	role	of	the	public	is	to	listen,	rather	than	
contribute.	Regardless	of	this,	however,	the	rise	of	the	dialogue	model	within	the	‘public	
understanding	of	science’	was	considered	by	some	to	be	the	compromise	between	the	
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expert-centric	paradigm	of	the	deficit	model	and	the	learner-centric	paradigm	of	the	
constructivist	model	(Bauer	et	al.,	2007).		
	
Although	the	different	models	have	placed	value	on	an	iterative	and	inclusive	method,	all	of	
these	fail	to	address	the	issue	of	communicating	science	from	the	perspective	of	the	public.	
One	of	the	central	flaws	of	the	public	understanding	of/engagement	with	science	(PUS/PES)	
movement	was	that	the	onus	to	engage	and	learn	still	remained	on	the	public	(Wynne,	
1991).	The	dialogue	model,	in	its	most	idealistic	form	includes	an	appreciation	of	aspects	of	
social,	ethical	and	economic	understanding	of	an	issue	for	all	participants	in	the	
communication	(Nisbet	and	Scheufele,	2009)	and	when	applied	properly	attempts	to	
facilitate	the	democratisation	of	science	discussions	(Wynne,	2006),	although	this	is	rarely	
the	case	in	practice	(Bauer,	2009).	When	science	communication	moves	out	of	the	
formalised	learning	environment	and	into	the	public	realm,	the	dialogue	models	can	
encounter	the	same	difficulties	as	the	deficit	model,	where	a	predisposal	towards	the	expert	
can	harm	the	validity	of	knowledge	held	by	the	audience	(Bauer	et	al.,	2007).	
	
The	loss	of	validity	experienced	by	the	public,	when	data	is	purely	communicated	from	the	
scientist’s	perspective,	reinforces	the	idea	that	science	is	more	than	factual	content	it	is	an	
appreciation	for	the	work,	ethics	and	attitudes	of	the	scientist	(science	method)	within	a	
social	context,	as	was	identified	by	the	Bodmer	Report	(Royal	Society,	1985).	The	lack	of	
public	recognition	about	the	complexity	of	scientific	understanding	led	to	the	development	
of	‘science	and	society’,	a	new	paradigm	in	science	communication	(Wilsdon	et	al.,	2005).	
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The	science	and	society	paradigm	examines	the	issue	of	communicating	with	the	public	
from	a	different	angle	and	exposes	instead	the	‘deficit	of	the	expert’	(Bauer	et	al.,	2007).	
Miller	(2001)	identified	that	the	knowledge	gap	between	expert	and	non-expert	can	
frequently	present	as	a	crisis	of	trust	between	scientists	and	the	public	(and	therefore	
communicators	as	the	translators	of	science)	because	of	the	way	that	experts	perceive	the	
views	of	the	public	as	irrelevant	or	illogical	(Burchell,	2006).	A	rejection	of	the	value	of	
public	knowledge	and	also	the	belittling	of	experiential	knowledge,	which	Gamson	(1995)	
believes	is	often	valued	more	highly	by	non-expert	audiences	than	transferred	or	secondary	
knowledge,	creates	a	divide	between	the	scientist/communicator	and	the	public.	This	
perceived	gap	can	disrupt	attempts	to	communicate	between	expert	and	non-expert	
audiences	(Bauer	et	al.,	2007).		
	
The	science	and	society	paradigm	is	seen	as	the	response	to	the	question	of	trust	and	the	
issue	of	expert	priority	in	communication	by	placing	matters	relating	to	science	and	
technology	firmly	in	the	social	sphere.	In	order	to	achieve	success	in	repositioning	science	
and	technology	as	a	cultural	artefact,	public	participation	in	science	is	recommended	as	a	
form	of	up-stream	science	engagement	(Wilsdon	et	al.,	2005).	The	science	and	society	
paradigm	firmly	embraces	the	concept	that	the	public	can	only	interact	with	science	
communication	effectively	when	the	scientist	communicator	is	trusted,	but	also	that	they	
bring	their	own	perceptions	and	influences	to	any	new	science	knowledge	that	they	gain	
(Frewer,	1999).	Interestingly	the	science	and	society	paradigm	leaves	much	room	for	
whichever	model	of	science	communication	is	preferred.	In	that	sense,	it	takes	almost	an	
integrative	approach	to	all	previous	science	communication	models,	by	utilising	aspects	of	
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the	dialogue,	deficit	and	constructivist	models	in	different	circumstances	as	is	appropriate.	
This	approach,	however,	has	not	been	without	conflict.	In	the	case	of	Rowe	et	al.	(2005)	
during	a	study	which	examined	the	public	consultation	for	the	use	of	genetically	modified	
(GM)	crops,	the	use	of	the	science	and	society	approach	of	utilising	the	deficit	and	dialogue	
models	to	attempt	to	gain	a	public	consensus	was	perceived	as	a	new	strategy	of	public	
persuasion	“old	wine	in	new	bottles?”	(Bauer	et	al.,	2007,	page	86).	This	undermined	the	
social	relevance	of	this	strategy	to	engage	with	the	public,	as	the	belief	of	persuasion	drew	
parallels	back	to	the	traditional	deficit	method	of	thinking,	whereby	the	main	aim	of	
communication	to	get	the	public	to	agree	with	the	experts	rather	than	engage	with	the	
issue.		
	
In	order	to	counteract	that	view,	science	and	society	advocates	have	called	for	a	fully	
embedded,	participatory	model	of	science	communication,	that	integrates	the	audience’s	
own	desires,	interests	and	prior	knowledge	(Bauer	et	al.,	2007;	Nisbet	and	Scheufele,	2009),	
where	the	communicator	acts	only	as	a	translator	if	required	(Brossard,	2013).	Though	
research	into	science	communication	remains	fractured,	often	by	discipline	(Bauer,	2009),	
the	concept	of	a	more	balanced,	public-centric	model	of	science	engagement	through	
participation	is	now	one	of	the	more	dominant	models	in	the	field	in	current	practice.	
	
Another	facet	of	inclusive	science	communication	regardless	of	the	model	used	to	
communicate	is	the	use	of	language.	The	use	of	appropriate	language	is	vital	in	ensuring	
engagement	with	a	non-expert	audience.	This	concept	is	now	so	central	to	science	
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communication,	that	it	is	considered	common	sense	(Aikenhead,	2001).	However,	the	use	of	
language	can	still	be	exclusive	to	the	public	as	it	defines	the	parameters	between	expert	and	
non-expert	(Cook	et	al.,	2004).	The	use	of	professional	and	scientific	language	can	alienate	
the	public	from	the	scientist	by	leading	them	to	perceive	the	scientist	as	different	from	
them	(Scott,	1989),	which	can	cause	unconscious	reinforcement	of	a	one	way	transfer	of	
information	by	both	experts	and	non-experts.	This	perception	of	alienation	can	exist	even	if	
the	scientist	or	communicator	is	attempting	to	fully	engage	with	the	audience	(Hilgartner,	
1990).	This	is	because	the	use	of	language	is	strongly	connected	with	identity,	either	
inclusively	or	exclusively	(Gee,	2000).	In	science	communication	terms,	language	is	
frequently	connected	with	science	literacy	as	being	a	representation	of	factual	content	
expertise	(Brown	et	al.,	2005),	but	the	use	of	language	is	vital	in	considering	any	form	of	
science	communication.	When	scientists	use	the	appropriate	language	in	communicating	
science	concepts,	it	is	possible	to	introduce	potentially	conflicting	science	theories	to	
students	that	may	hold	alternate	conceptions,	reducing	the	chance	of	cognitive	dissonance	
(Colburn,	2000).	
	
By	using	suitable	language	when	communicating	and	taking	into	account	previous	ideas	
when	communicating	with	the	public,	it	is	possible	to	draw	the	conceptions	of	the	expert	
and	the	non-expert	closer	together	(Dressen-Hammouda,	2008).	This	combination	of	
attitude	and	approach	by	the	communicator	makes	it	easier	for	the	non-expert	to	
understand	both	the	content	and	the	context	of	the	message,	but	in	the	case	of	
communicating	geoscience,	this	does	not	go	far	enough.	In	studies	of	geoscience	language	
the	development	of	a	specific	vernacular	is	linked	not	only	to	the	subject	relevant	style	that	
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is	used,	but	also	the	context	of	that	language	and	implicit	textural	clues	(Dressen-
Hammouda,	2008).	This	creates	a	unique	verbal	and	non-verbal	language	of	the	expert	and	
is	relevant	to	emerging	forms	of	geoscience	communication	and	education.	In	this	case	
language	exposes	differences	of	science	method	between	geologists	and	non-geologists.	
	
2.6	A	resurgence	of	science	content	based	knowledge	within	the	geosciences	
When	entering	the	sub-disciplines	of	science	communication	set	within	specific	fields,	such	
as	geoscience	communication,	the	science	communication	researcher	encounters	an	
unusual	issue.	Geoscience	communication	is	a	burgeoning	sub-discipline	that	takes	into	
account	many	facets	of	mainstream	science	communication	and	science	education	theory	
(Stokes,	2011),	but	when	contrasted	with	similar	research	in	general	science	
communication,	research	in	this	specialist	field	is	30	years	behind	the	state	of	mainstream	
science	communication.	One	evident	manifestation	of	this	can	be	seen	in	the	development	
of	the	Earth	Sciences	Literacy	Initiative	(ESLI).	The	ESLI	produced	the	Principles	of	Earth	
Science	Literacy;	a	document	produced	co-operatively	by	teachers	of	geoscience	education	
and	geoscience	education	researchers	that	describes	what	knowledge	is	considered	
necessary	in	order	to	classify	someone	as	geologically	literate	(Wysession	et	al.,	2012).	The	
ESLI	recognises	that	geoscience	literate	person	as	someone	who:	
	
• Understands	the	fundamental	concepts	of	Earth’s	many	systems	(science	content)	
• Knows	how	to	find	and	assess	scientifically	credible	information	about	Earth	(science	
method)	
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• Communicates	about	Earth	science	in	a	meaningful	way	(science	context)	
• Is	able	to	make	informed	and	responsible	decisions	regarding	Earth	and	its	resources	
(science	context)	
(Earth	Science	Literacy	Initiative,	2009,	page	1)	
	
Despite	the	presence	of	science	context	and	science	method	in	the	definition	of	Earth	
Science	literacy	provided	on	page	one,	the	over-riding	focus	of	the	document	is	on	science	
content.	This	focus	on	the	need	to	assess	the	factual	content	knowledge	held	by	individuals	
resulted	in	the	nine	‘Big	Ideas’,	which	cover	a	range	of	concepts	that	have	been	evaluated	to	
be	most	valuable	in	assessing	geoscience	literacy	(LaDue	and	Clark,	2012).	These	are	
summarised	here:	
1. Earth	scientists	use	repeatable	observations	and	testable	ideas	to	understand	and	
explain	our	planet.	
2. Earth	is	4.6	billion	years	old.	
3. Earth	is	a	complex	system	of	interacting	rock,	water,	air,	and	life.	
4. Earth	is	continuously	changing.	
5. Earth	is	the	water	planet.	
6. Life	evolves	on	a	dynamic	Earth	and	continuously	modifies	Earth.		
7. Humans	depend	on	Earth	for	resources.	
8. Natural	hazards	pose	risks	to	humans.	
9. Humans	significantly	alter	the	Earth.	
(Earth	Science	Literacy	Initiative,	2009)	
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These	nine	‘Big	Ideas’	represent	the	central	factual	scaffolds	around	which	Earth	Science	
Literacy	is	presumed	to	be	constructed	(LaDue	and	Clark,	2012).	Although	they	are	diverse	
in	terms	of	subject	(geomorphology,	stratigraphy,	environment,	resources,	etc.),	the	factual	
nature	of	these	big	ideas	with	the	exception	of	number	one,	which	represents	a	science	
method	rather	than	science	fact	perspective,	reflects	a	regression	in	terms	of	science	
communication.	Although	generalised,	or	multidisciplinary,	approaches	to	science	
communication	have	moved	beyond	a	deficit	model	of	audience	understanding	assessed	
using	a	factual	based	measurement	(Miller,	2001),	subdisciplines	of	science	communication,	
such	as	geoscience,	are	still	locked	in	the	debate	around	the	value	of	factual	knowledge	to	
improve	public	understanding	(Libarkin,	2006).	Part	of	this	reluctance	to	embrace	new	
attitudes	to	science	communication	could	come	from	the	geoscience	community	itself	as	
considerable	scepticism	still	exists	around	the	value	of	geoscience	education	and	
communication	as	a	field	(Feig	and	Stokes,	2011).	Also	as	many	geoscience	communicators	
are	often	geologists	with	little	or	no	formal	training	in	science	communication	or	education	
there	is	a	lot	of	duplication	of	effort,	although	this	challenge	of	professionalising	science	
communication	and	ensuring	that	new	practitioners	are	not	using	outdated	practices	is	a	
common	issue	in	science	communication	(Nisbet	and	Scheufele,	2009).	
	
This	raises	questions	about	the	wisdom	in	separating	science	communication	from	the	
distinct	disciplines	that	create	it.	As	can	be	seen	in	Figure	2.3	the	theories	described	in	this	
chapter	have	gradually	increased	the	inclusion	and	value	of	the	attitudes	and	ideas	of	the	
non-expert	in	science	communication	strategies,	but	with	the	development	of	the	ESLI	
principles	in	geology	there	is	a	step	backwards.	As	it	is	vitally	necessary	that	science	
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communication	is	embedded	within	each	subject	it	is	important	to	find	a	way	to	do	this	
without	constantly	reverting	to	outdated	approaches	in	science	communication.	In	order	to	
foster	the	most	effective	methods	of	science	communication,	scientists	and	communicators	
must	be	using	the	most	appropriate	empirical	theory	(Feig,	2011).	For	this	to	happen,	it	is	
therefore	necessary	for	practitioners	of	the	relevant	subject	to	embrace	social	and	
communication	science	research	(Donovan	et	al.,	2011).		
	
Figure	2.3	A	figurative	diagram	constructed	by	the	researcher,	indicating	the	relationships	of	
the	dominant	models	of	science	communication	discussed	in	this	chapter.	This	figure	shows	
the	increasing	popularity	of	the	deficit	model	at	the	expense	of	the	constructivist	model	
until	the	publication	of	the	Bodmer	Report,	which	precipitated	a	reversal	of	this	trend.	In	
the	present	day	both	the	deficit	model	and	the	constructivist	model	have,	to	varying	
degrees,	influenced	the	development	of	other	science	communication	paradigms,	including:	
the	‘Public	Understanding	of	Science’;	‘Public	Engagement	with	Science’;	and	‘Science	and	
Society’.	
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2.7	The	value	of	science	context	and	science	method	over	science	content	
As	is	clear	from	this	chapter,	research	into	science	education	and	communication	is	
fractured	and	dispersed	across	many	fields	(Bauer	et	al.,	2007).	Constructivism,	as	a	theory	
that	originated	in	education	and	translated	into	science	communication,	via	the	inclusive	
and	public-centric	science	and	society	paradigm	(Frewer,	2004),	is	the	most	appropriate	
theory	to	bridge	this	fractured	field	in	a	way	that	incorporates	all	three	elements	of	inclusive	
science	literacy	and	communication.	These	three	aspects	of	science	literacy:	science	
content,	science	context,	and	science	method	represent	the	way	that	science	literacy	can	be	
utilised	to	promote	effective	and	inclusive	science	communication	without	being	limited	by	
deficit	based	models	(Wilkinson,	2010).	Although	the	application	of	the	constructivist	model	
to	geoscience	communication	would	appear	to	be	the	solution	to	issues	of	ineffective	
communication,	it	fails	to	take	into	account	another	issue:	the	perception	of	the	geoscience	
expert.	Although	frequently	represented	only	through	the	use	of	appropriate	language	
(Dressen-Hammouda,	2008),	the	difference	in	perception	between	the	expert	and	the	non-
expert,	also	called	the	science	method,	is	in	fact	more	diverse	than	just	language	and	that	
diversity	in	difference	is	especially	relevant	in	the	geosciences	(Kastens	et	al.,	2009).	The	
influence	of	spatial	and	temporal	thinking	as	well	as	the	influence	of	geoscience’s	position	
as	a	historical	and	observational,	rather	than	empirical	subject	(Dodick	and	Orion,	2003b)	
need	to	be	considered	before	a	theoretical	framework	can	be	constructed.	Therefore	in	the	
next	chapter	a	detailed	examination	of	geoscience	cognition	will	be	undertaken,	before	both	
reviews	are	combined	to	form	the	theoretical	scaffold	for	this	study.			
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Chapter	3	An	Introduction	to	Geoscience	Cognition	and	Attitudes	to	Risk	
	
3.1	Introduction	
In	this	chapter	the	relationship	between	geoscience	and	communication	is	considered	
further,	by	examining	the	differences	in	geoscience	method	that	were	highlighted	in	the	
previous	chapter	between	the	way	that	experts	and	non-experts	interact	with	geological	
knowledge.	This	difference	is	also	influenced	by	the	way	that	the	place	of	geoscience	as	a	
subject	influences	how	people	understand	geological	information.	A	discussion	of	the	social	
construction	of	risk	will	also	seek	to	combine	questions	of	how	subject	familiarity	in	
cognitive	reasoning	compares	with	ideas	of	the	public	perception	of	risk	and	risk	
communication.		
	
	In	the	previous	chapter,	the	influence	of	science	education	on	the	development	of	science	
communication	theories	such	as	the	constructivist	model	was	explored	as	well	as	the	
influence	of	science	literacy	in	measuring	differences	in	knowledge	and	understanding	
between	the	expert	and	non-expert.	Whilst	attempts	to	improve	the	issues	of	
communicating	geoscience	using	appropriate	methods,	such	as	the	dialogue	model	(Bauer	
et	al.,	2007)	or	conceptual	model	(Bultitude,	2011)	have	real	value,	they	only	address	the	
problem	partially,	as	they	do	not	consider	the	difference	that	exists	between	the	way	that	
experts	and	non-experts	conceptualise	the	subsurface.		Geoscience	communication	is	
influenced	by	the	individual’s	ability	to	understand	science	in	general	and	geoscience	in	
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particular,	as	was	highlighted	in	the	previous	chapter	in	the	three	aspects	of	science	literacy:	
content,	context	and	method	(Wilkinson,	2010).	
	
When	it	comes	to	communicating	geoscience,	the	third	aspect	of	science	literacy,	science	
method,	becomes	especially	important	because	of	the	differences	that	exist	between	
geology	and	other	sciences,	in	particular	the	traditional	empirical	sciences	taught	in	school	
(Frodeman,	1995).	These	differences	exist	not	only	in	the	approach	to	the	science	itself,	for	
instance	observational	and	historical	versus	experimental	and	empirical,	but	also	in	the	
different	cognitive	skills	used	in	the	subject	(Kastens	and	Ishikawa,	2006b).	Addressing	the	
question	of	how	different	people	conceptualise	geology	is	the	incipient	field	of	geocognition	
(or	geoscience	cognition).	By	combining	cognitive	science	with	questions	of	geoscience	
learning	and	communications	it	is	possible	to	gain	a	deeper	understanding	of	how	people	
think	about	geology.		
	
Cognition	is	a	branch	of	behavioural	psychology;	the	school	of	psychological	thought	
concerned	with	how	information	processing	affects	behaviour	and	was	originally	developed	
to	study	the	idea	of	controlling	behaviour	through	conditioning	(Grant	1964;	Wozniak	1994),	
which	was	exemplified	by	Pavlov’s	dogs	experiment	(Eysenck	and	Keane	2010).	It	is	the	
aspect	of	psychology	concerned	specifically	with	how	people	acquire	and	process	
information	(Colman	2009).	It	includes	the	sub	disciplines	of:	perception;	object	recognition;	
attention;	memory;	learning;	language	comprehension;	problem	solving;	decision	making;	
and	reasoning	(Eysenck	and	Keane	2010).	Since	its	conception,	cognition	has	been	applied	
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by	many	different	disciplines	(Evans	and	Green,	2006;	Dillenbourg,	1999;	d'Andrade,	1995;	
Mesulam,	2000)	to	develop	our	understanding	of	how	people	attain,	store	and	retrieve	
information,	and	how	it	affects	their	behaviour.	The	nascent	field	of	geocognition	applies	
the	aspects	of	cognition	related	to	reasoning	and	decision	making	(Eysenck	and	Keane	2010)	
in	an	attempt	to	bridge	the	divide	in	conceptualisation,	particularly	between	experts	and	
non-experts	(Petcovic	et	al.,	2009).	The	particular	relevance	of	cognition	to	how	people	
understand	geology	is	related	not	only	to	how	we	integrate	new	information,	but	also	to	
how	we	process	existing	information	within	a	new	context,	thereby	also	connecting	the	
study	of	geocognition	with	the	second	aspect	of	science	literacy,	namely	context.	
	
Geoscience	is,	in	many	aspects,	not	an	empirical	science.	This	is	because	many	theories	are	
based	purely	on	observation	in	the	same	way	as	in	astronomy	or	cosmology	and	
experiments	can	never	be	conducted	on	a	spatial	or	temporal	scale	that	is	truly	
representative	of	our	planet’s	processes	(Manduca	and	Kastens,	2012).	Although	computer	
simulations	are	available,	geoscience	depends	on	historical	evidence	and	description,	in	the	
sense	that	observations	are	taken	of	features	created	in	the	past	and	extrapolated	into	the	
present	and	also	using	actual	historical	descriptions	of	events,	such	as	Pliny	the	Younger’s	
descriptions	of	the	eruption	of	Mount	Vesuvius	(Sigurdsson	et	al.,	1982).		Also,	unlike	many	
of	the	mainstream	traditional	sciences,	geoscience	operates	at	different	physical	and	
temporal	scales,	which	as	well	as	being	difficult	to	experiment	with,	are	difficult	to	
conceptualise.	A	geoscientist	will	routinely	examine	concepts	from	a	micro	scale	to	a	
planetary	scale	(Liben	and	Titus,	2012).	Additionally,	although	thinking	in	millions	of	years	is	
often	a	roughly	grasped	concept	in	geoscience,	it	is	still	one	that	geoscientists	practice	with	
52	
	
greater	frequency	than	any	other	science,	whilst	simultaneously	considering	consequences	
in	days,	weeks	and	months	(Frodeman,	1995).	This	juxtaposition	of	conceptual	requirements	
and	methodological	variety	highlights	the	need	for	an	innovative	approach	to	science	
communication,	which	takes	into	account	the	difference	between	the	understanding	of	the	
expert	and	non-expert,	starting	with	an	examination	of	the	conceptualisations	of	the	expert.	
	
3.2	The	nature	of	geoscience	as	a	subject		
The	earth	or	geological	sciences	have	long	been	identified	as	descriptive	sciences,	wholly	
dependent	on	the	‘experimental’	sciences	of	physics	and	chemistry	for	their	existence	(Dott	
Jr,	1998;	Dodick	and	Dolphin,	2001;	Cleland,	2002).	However,	geology	has	a	number	of	
attributes	that	mean	that	a	different	type	of	scientific	analysis	is	needed	to	interpret	and	
analyse	the	evidence	that	geologists	collect.	The	more	traditionalist	sciences	of	biology,	
chemistry	and	physics	adhere	very	closely	in	principle	to	the	traditional	Victorian	method	of	
science	investigation	of	hypothesis,	experiment,	evaluate,	theorise	(Cannon,	1961).	This	
approach	has	been	criticised	for	applying	an	overly	ordered	approach	to	the	world,	which	
simplifies	the	rules	of	nature	(Cleland,	2001;	Dodick	and	Argamon,	2006).	In	geology	the	use	
of	this	traditional	philosophy	of	science	is	hampered	in	part	by	the	existence	of	the	historical	
aspects	of	geology	(Frodeman,	1995).	Thus	alongside	the	pure	analytical	researcher,	the	
crystallographer	is	a	prime	illustration	of	this,	there	also	exists	in	the	geosciences	a	very	
different	practitioner,	a	temporally	bound	researcher	that	uses	qualitative	as	well	as	
quantitative	elements,	for	example	a	palaeontologist	(Dott	Jr,	1998).		
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This	inclusion	of	an	historical	element	to	a	rigorous	scientific	method	has	led	to	the	
development	of	a	number	of	unique	reasoning	pathways	within	the	study	of	the	
geosciences.	Part	of	this	has	been	the	move	away	from	inductive	reasoning	or	the	creation	
of	a	hypothesis	from	the	results	of	an	observed	experiment,	to	retroductive	reasoning,	the	
creation	of	a	hypothesis	from	evidence	left	by	a	physically	unobserved,	possibly	singular	
past	event	(Peirce,	1902;	Baker,	1996).	Retroductive	reasoning	is	a	peculiarly	geological	trait,	
though	it	has	in	recent	years	been	used	by	other	science	disciplines	(notably	astronomy	and	
evolutionary	biology)	that	also	have	a	temporal	element	(Dodick	and	Orion,	2003b;	Dodick	
and	Orion,	2003a).		
	
Another	facet	of	not	being	able	to	create	and	test	a	hypothesis	in	the	traditionally	scientific	
inductive	way	is	the	impossibility	of	direct	experimentation	in	many	areas	of	the	
geosciences.	It	is	unrealistic	to	try	and	replicate	events	that	have	occurred	planet-wide	over	
millions	of	years,	just	as	it	is	unrealistic	to	attempt	to	test	processes	occurring	hundreds	of	
kilometres	below	the	Earth’s	surface.	Although	computer	modelling	has	allowed	some	
limited	experimentation	in	these	areas,	models	are	still	restricted	by	the	incomplete	nature	
of	the	data	that	geoscientists	invariably	work	with.	This	can	lead	to	a	higher	than	average	
level	of	uncertainty	in	calculations	(Parcell	and	Parcell,	2009).	
	
3.2.1	The	impact	of	fieldwork	and	observation	on	geoscience	
Another	aspect	of	the	unique	reasoning	style	used	by	geologists	is	the	fact	that	geology	is	a	
field	science	in	large	part,	even	if	initial	observations	and	collection	are	followed	by	analysis	
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in	a	laboratory.	Geology	is	relatable	to	many	aspects	of	biology	in	this	sense,	but	in	geology,	
the	combination	of	incomplete	data,	that	changes	temporally,	adds	an	extra	dimension	to	
the	nature	of	working	in	the	field	(Mogk	and	Goodwin,	2012).	The	sense	of	place	and	
influence	of	‘local	conditions’	can	have	a	substantial	effect	on	the	researcher	as	well	as	the	
data	itself;	the	same	researcher	surveying	the	same	area	over	a	period	of	years	will	
invariably	produce	different	results	each	time	(Dott	Jr,	1998).	The	enhanced	reliance	on	
pattern	recognition,	discerning	which	data	are	important	and	which	are	to	be	ignored,	is	an	
especially	valuable	skill	for	the	geoscience	researcher	(Riggs	et	al.,	2009),	especially	when	
collecting	in	the	field	because	it	is	such	a	dynamic	environment.	This	dynamic	collection	
style	is	dependent	on	several	working	theories,	which	are	developed,	held	and	discarded	
concurrently	as	the	collection	continues	(Dott	Jr,	1998;	Raab	and	Frodeman,	2002).	This	
style	relates	strongly	to	the	‘visual	language’,	for	instance	the	use	of	maps,	cross-sections	
and	other	visual	forms	that	geologists	have	developed	(Rudwick,	1976)	in	order	to	collect	
hypothetical	data	with	an	undefined	value,	which	may	or	may	not	be	used	in	later	
hypothetical	constructions.		
	
The	use	of	these	varying	techniques	influences	the	way	that	experts	engage	with	the	
geological	world,	beyond	the	simple	fact	of	using	different	cognitive	processes.	As	a	result	of	
this,	any	study	into	the	contrast	between	expert	and	non-expert	views	of	the	geological	
subsurface	must	include	these	broader	processes	as	well	as	perception.	This	draws	the	
study	of	the	public	perception	of	the	geological	subsurface	into	the	realm	of	cognition,	and	
in	particular,	reasoning,	which	will	be	examined	in	the	next	section.	
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3.3	The	use	of	spatial	and	temporal	reasoning	in	geoscience	
The	way	that	scientists	perceive	and	interact	with	the	world	has	long	been	thought	to	differ	
from	non-scientists,	by	training,	if	not	by	nature	(Mackay	et	al.,	1977;	Piburn	et	al.,	2002;	
Root-Bernstein,	1989;	Curtis,	2012).	What	has	more	recently	become	apparent	is	that	
different	science	disciplines	encourage	different	perceptions	of	our	environment	and	no	
discipline	demonstrates	this	difference	more	effectively	than	geology.	This	concept	of	a	
different	cognitive	process	for	geologists	has	been	inferred	(Dodick	and	Orion,	2003a),	due	
to	the	historical	and	perhaps	derivative	nature	of	the	geosciences	(Dott	Jr,	1998;	Pantin,	
1968)	and	because	of	the	challenges	of	conducting	empirical	experiments	(Schumm,	1998);	
indeed	geology	and	the	study	of	the	Earth	Sciences	in	general	has	been	considered	to	be	
more	of	a	‘narrative	science’	than	an	experimental	one	(Frodeman,	1995,	page	964).	
	
Recent	studies	in	cognitive	science	have	also	indicated	that	geoscientists	have	particular	
cognitive	abilities	that	allow	them	to	perform	more	efficiently,	such	as	an	improved	ability	
to	reason	in	spatial	and	temporal	terms	(Kastens	and	Ishikawa,	2006a;	Kastens	et	al.,	2009).	
It	is	the	combination	of	both	the	particular	cognitive	abilities	that	geologists	have	in	relation	
to	geological	reasoning	that	will	be	examined	in	this	section.	
	
3.3.1	Cognitive	abilities:	spatial	reasoning	
Cognitive	differences	in	the	geosciences	do	not	only	arise	from	the	philosophy	of	the	
scientific	method	used,	but	also	the	practical	skills	needed	by	the	professional	or	practising	
geologist.	Key	among	these	is	spatial	reasoning.	The	cognitive	processes	related	to	spatial	
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reasoning	are	directly	related	to	Piaget’s	developmental	theory	(Piaget	and	Cook,	1952).	
Piaget	classified	spatial	reasoning	into	three	types:	topological,	projective	and	Euclidean.	
Piaget	and	Inhelder	(1967a)	contended	topological	reasoning	were	those	types	of	reasoning	
related	to	qualitative	relationships	between	objects,	which	would	use	descriptions	such	as	
‘next	to’,	‘between’	or	‘inside/outside’,	and	that	this	type	of	spatial	reasoning	is	developed	
early	in	a	child’s	life.	Topological	reasoning	is	a	reasoning	ability	that	is	commonly	held	by	
adults	of	all	educational	backgrounds	(Kastens	and	Ishikawa,	2006a).	Projective	reasoning	
involves	manipulating	the	original	object	and	its	relationships	in	terms	of	various	dimensions	
(Piburn	et	al.,	2002).	Euclidean	reasoning	incorporates	metric	values,	such	as	angle	and	
distance,	into	the	projective	spatial	reasoning	(Kuipers,	1978).	An	example	of	the	differences	
between	topological,	projective	and	Euclidean	reasoning	is	shown	in	Figure	3.1.		
	
	
Figure	3.1	The	differences	between	topological	(a,	the	figure	is	next	to	the	house),	projective	
(b,	the	figure	is	in	front	of	the	house)	and	Euclidean	reasoning	(c,	the	figure	is	north	of	the	
house)	after	Kastens	and	Ishikawa	(2006b).	Permission	to	reproduce	this	image	has	been	
granted	through	fair-use	copyright.	
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Piaget	and	Inhelder	(1967a)	postulated	that	the	potential	for	projective	and	Euclidean	
reasoning	abilities	develop	at	the	same	time,	but	that	the	application	of	Euclidean	ability	
develops	later	in	life,	if	ever.	Consequent	studies	by	Downs	and	Liben	(1991)	found	that	
although	the	topological	ability	to	reason	spatially	is	fairly	uniform	amongst	college	
students,	the	projective	and	Euclidean	were	frequently	poorly	developed.	Despite	this,	it	has	
been	observed	that	many	of	the	advanced	methods	of	geoscientific	spatial	reasoning	have	a	
strong	projective	and	Euclidean	component	and	that	experienced	practitioners	have	little	
difficulty	in	successfully	completing	these	tasks	(Kastens	and	Ishikawa,	2006a).	This	in	turn	
suggests	that	a	prolonged	experience,	such	as	formalised	training,	in	manipulating	mental	
objects	spatially	from	different	perspectives	and	incorporating	a	metric	element,	increases	
the	user’s	ability	to	perform	complex	cognitive	spatial	reasoning	with	greater	ease	than	the	
untrained	adult.	This	suggests	that	although	those	who	develop	advanced	spatial	reasoning	
abilities	early	may	find	geoscience	tasks	easier	and	therefore	choose	to	study	the	science,	it	
is	more	likely	that	it	is	advanced	geological	training	that	enhances	an	individual’s	ability	to	
reason	spatially.	
	
3.3.2	Cognitive	abilities:	temporal	reasoning	
Advanced	temporal	reasoning,	much	like	spatial	reasoning,	is	not	a	cognitive	skill	that	is	
unique	to	the	geological	sciences,	but	it	does	have	a	central	place	in	geological	reasoning.	In	
fact,	the	historical	sciences	can	be	placed	on	a	continuum	of	scale	of	time	involved	from	
cosmology,	to	geology	and	palaeontology,	archaeology,	history,	through	to	developmental	
psychology	(Kastens	and	Manduca,	2012).	Temporal	reasoning	involves	not	only	the	
conception	of	these	particular	(and,	in	the	geosciences,	long)	timescales,	but	also	their	
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manipulation	and	interpretation.	The	conceptualisation	of	time	in	a	geological	sense,	rather	
than	an	anthropological	one	is	often	referred	to	as	‘deep	time’	(Gould,	1987;	Trend,	2002)		
and	a	solid	grasp	of	this	not	only	makes	geological	processes	more	understandable,	but	also	
offers	a	new	perspective	on	reality	by	introducing	a	new	view	on	how	we	interact	with	our	
environment	(Cervato	and	Frodeman,	2012).		
	
Research	has	shown	that	people	tend	to	conceptualise	time	(especially	deep	time)	spatially	
and	in	a	logical	and	relative	way	(Dodick	and	Orion,	2003a).	Often	a	person’s	framework	for	
temporal	reasoning	will	be	based	on	their	personal	chronology	of	key	geological	events.	The	
experienced	geoscientist’s	framework	will	be	secure,	detailed	and	well	developed,	but	the	
inexperienced	practitioner’s	framework	will	be	scant,	insecure	and	nebulous	(Trend,	2000;	
Trend,	2001).	This	reliance	on	a	personal	framework	means	that	when	an	individual	is	
constructing	their	conceptualisation,	pre-existing	information	will	be	central	to	how	the	
conceptualisation	of	time	proceeds.	
	
This	difference	in	conceptual	frameworks	is	another	example	of	how	temporal	reasoning	
can	vary	between	the	so-called	‘expert’	and	‘non-expert’.	Temporal	reasoning	can	be	
demonstrated	in	four	ways:	sequential;	co-occurring;	rate-of-change;	and	cyclical,	(Kastens	
and	Manduca,	2012).	Sequential	evidence	relates	to	causality;	e.g.	if	A	precedes	B,	then	A	
could	relate	to	or	cause	B,	but	not	vice	versa.	For	example	if	there	is	a	landslide	(B)	after	an	
earthquake	happens	(A),	then	it	is	logical	to	assume	that	the	earthquake	could	have	caused	
the	landslide,	but	not	that	the	landslide	could	have	caused	the	earthquake.	Co-occurring	
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evidence	allows	for	multiple	working	hypotheses	about	reality;	events	that	occur	at	the	
same	time	can	be	inter-related.	So	if	our	landslide	occurs	at	the	same	time	as	an	
earthquake,	it	is	possible	that	the	earthquake	exacerbated	a	landslide	that	would	have	
happened	anyway,	but	that	is	not	the	only	solution.	Sequence	and	co-occurrence	are	
commonly	used	when	seeking	temporal	evidence	because	they	concern	specific	events,	
something	that	people	preferentially	use	when	conceptualising	time	(Resnick	et	al.,	2012).	
Rate-of-change	reasoning	can	have	implications	about	magnitude	of	change;	if	a	geological	
event	occurred	in	a	short	period	of	time,	it	must	require	more	power	than	if	it	occurred	
across	millennia.	For	instance	if	the	landslide	moved	thousands	of	tonnes	of	material	in	one	
event,	more	power	would	be	needed	for	that	day	when	the	landslide	happened	than	if	the	
same	amount	of	material	was	moved	over	a	thousand	years	and	would	therefore	be	
considered	a	high	magnitude	event.	Cyclicity	relates	to	a	repeating	causal	process,	the	
conceptualisation	of	which	depends	on	the	perception	of	the	event	or	time	span	that	is	
repeating	(Kali	et	al.,	2003).	A	perfect	example	of	this	type	of	temporal	reasoning	can	be	
seen	in	climate	change	(Chowdhury	et	al.,	2012).	
	
These	four	types	of	evidence	can	be	used	to	interpret	geological	information	within	an	
existing	personal	temporal	framework,	but	the	efficacy	of	that	interpretation	depends	
strongly	on	how	well	developed	the	framework	is	and,	in	turn,	that	relates	to	the	
individual’s	ability	to	conceptualise	time	(Dodick	and	Orion,	2003c).	The	more	experienced	
the	practitioner,	the	more	efficient	the	conceptual	framework	for	interpreting	geological	
information	will	be	(Trend,	2001).	
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This	enhanced	cognitive	ability	of	the	experienced	practitioner	suggests	that	communicating	
concepts	developed	using	these	methods	to	someone	without	the	same	training	or	
inclination	could	prove	difficult,	even	if	issues	of	appropriate	language	and	other,	more	
general	communication	concerns	were	addressed.	This	issue	also	connects	with	the	‘expert’	
practitioner’s	experience	of	geoscience	being	both	empirical	and	narrative,	and	thus	
provides	a	contrast	to	how	science	is	taught	in	mainstream	education	(Dodick	and	Orion,	
2003b).	However	this	juxtaposition	between	the	views	of	the	expert	and	non-expert	must	
also	be	placed	within	the	broader	context	of	the	nature	of	geoscience	as	a	subject,	and	how	
this	affects	the	perception	of	the	subsurface.	This	also	relates	to	the	other	issue	of	
communicating	geoscience	risks,	which	is	the	perspective	of	risk	held	by	the	non-expert	and	
how	that	risk	is	assessed.	
	
3.4	Nature	of	risk	and	the	affect	heuristic	
The	study	of	risk	communication	has	been	dominated	in	the	last	few	decades	by	Paul	
Slovic’s	work	on	public	perception.	Slovic	(1987)	demonstrated	that	the	public’s	perception	
of	risk	was	strongly	influenced	by	their	impressions	of	familiarity	and	fear	(or	dread).	This	
causes	the	participants	to	interpret	the	level	of	risk	engendered	by	certain	triggers	such	as	
home	appliances,	pesticide	use	and	surgery,	through	a	personal	framework.	A	graphical	
representation	of	the	psychometric	risk	perception	model	(Figure	3.2)	shows	the	relative	
perceptions	of	different	threats,	as	organised	by	their	varying	degrees	of	familiarity	and	
dread.	The	diagram	shows	that	certain	risks,	which	may	statistically	be	considered	more	
likely	–	such	as	those	associated	with	riding	a	bicycle	–	are	perceived	to	be	far	less	risky	than	
a	statistically	safer	activity	–	such	as	flying	in	a	commercial	aeroplane	(Slovic,	1987).	The	
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assignment	of	risk	to	each	of	these	categories	is	based	upon	an	heuristic	known	as	the	
‘affect	heuristic’.	
	
	
Figure	3.2	The	perception	of	risk	within	a	two	factor	space,	representing	public	perceptions	
of	how	risky	an	activity	was	based	on	its	familiarity	and	how	fatal	the	consequences	may	be	
(Slovic,	1987,	page	98).	Permission	to	reproduce	this	image	has	been	granted	by	Paul	Slovic.	
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The	affect	heuristic	describes	the	way	that	an	individual’s	perception	can	colour	their	
response	to	a	piece	of	information	about	a	subject,	by	ascribing	greater	or	lesser	importance	
to	the	risk	than	an	expert	would	ascribe	based	on	an	actuarial	or	scientific	assessment.	The	
affect	heuristic	can	be	described	as	a	form	of	emotion,	defined	as	positive	or	negative	
feelings	that	are	used	to	evaluate	an	external	stimulus	(Slovic	et	al.,	2007).	The	influence	of	
heuristics	and	biases,	such	as	the	affect	heuristic,	is	so	central	to	designing	effective	risk	
communication	that	more	integrated	methods	of	assessing	the	public’s	perception	of	
geological	issues	need	to	be	utilised	(Mabon	et	al.,	2014).	One	bias	of	the	affect	heuristic	is	
to	reduce	the	impact	of	the	probabilities	based	data	that	an	expert	would	normally	rely	on	
in	risk	communication	(Rottenstreich	and	Hsee,	2001).	
	
By	taking	into	account	the	impact	of	a	non-expert’s	perception	of	risk,	the	field	of	risk	
communication	shifts	from	a	one-way	form	of	communication	towards	more	of	a	dialogue.	
However,	even	within	this	more	inclusive	mode	of	communication,	an	outdated	emphasis	
on	the	information	and	value	judgements	of	the	expert	is	still	apparent	(Sturgis	and	Allum,	
2004).	This	‘top-down’	transfer	of	information	provided	by	the	expert	must	be	translated	by	
the	emotional	state	of	the	non-expert	(Slovic	et	al.,	2004)	and	integrated	into	their	own	‘lay	
knowledge’	(Callon,	1999).	Lay	knowledge	is	generally	dismissed	as	inappropriate	by	
experts,	who	expect	decisions	to	be	made	on	the	basis	of	relevant	technical	information	
(Johnson,	2008),	but	there	is	growing	acknowledgment	of	the	role	and	value	of	individual	
and	community	knowledge,	not	just	in	collecting	and	compiling	scientific	data	(Lane	et	al.,	
2011),	but	also	in	improving	communications	by	countering	the	expert-imposed	concept	of	
risk	(Lave	and	Lave,	1991).		
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3.5	Social	constructivism	of	risk	perception	
Paul	Slovic’s	theories	on	how	different	factors,	such	as	familiarity	and	dread,	impact	on	
people’s	perceptions	of	risk	have	given	rise	to	a	type	of	analysis	of	risk	called	the	
psychometric	model	(Slovic,	1987),	which	balances	competing	characteristics	of	risk	
assessment	in	order	to	construct	a	relative	framework	of	perceived	risk	(Figure	3.2).	One	
interesting	observation	to	arise	from	the	use	of	the	psychometric	model	was	the	contrasting	
approaches	that	expert	and	non-expert	participants	used	when	interacting	with	the	model,	
experts	choosing	a	series	of	defined	characteristics	of	risk	which	could	be	measured	and	
quantified	(Slovic,	2001;	Jasanoff,	1998).	This	expert	based	approach	was	called	the	realist	
risk	paradigm.	
	
In	juxtaposition	to	the	realist	risk	paradigm	arose	a	different	paradigm	of	risk	that	was	more	
aligned	with	the	non-experts	interaction	with	psychometric	models:	the	social	constructivist	
paradigm	(Renn,	1998).	The	social	constructivist	paradigm	is	much	more	subjective	than	the	
realist	paradigm,	incorporating	the	idea	that	much	of	public’s	risk	perception	is	influenced	
by	the	way	that	people	interact	with	the	world	(Burns	et	al.,	1993;	Kasperson	et	al.,	1988).	
Social	constructivist	risk	perception	is	a	multi-dimensional	approach	to	risk	which	places	it	
within	a	social	context,	allowing	the	public	to	construct	their	meaning	of	risk	from	their	own	
environment	(Kasperson	et	al.,	2003).	
	
Science,	including	geoscience,	is	often	seen	as	a	positivist	pursuit	(Forrester,	2010).	Positivist	
attitudes	say	that	science	should	always	be	objective	and	that	participant	testimony	is	
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unreliable	(Robson	and	McCartan,	2015).The	paradigm	of	social	constructivism,	however,	
focuses	more	on	the	attitude	that	scientific	accounts	should	not	be	privileged	as	they	are	
only	one	way	of	viewing	the	world	and	that	scientific	data	cannot	be	taken	out	of	the	
context	of	society,	culture	and	values,	which	will	always	influence	the	way	that	data	is	used	
(Forrester,	2010).		
	
The	benefits	from	applying	the	social	constructivist	paradigm	of	risk	perception	in	this	study	
are	that,	as	it	does	not	reject	the	realist	paradigm,	but	embraces	and	extends	it	(Singleton	et	
al.,	2009);	social	constructivism	allows	for	the	public	construction	of	those	characteristics	of	
risk	it	finds	most	relevant.	This	allows	for	the	inclusion	of	more	subjective	and	multi-
disciplinary	characteristics	of	risk,	which	might	be	considered	to	be	more	representative	of	
the	public’s	perception	of	geological	risk	(Singleton	et	al.,	2009).	This	process	connects	
strongly	with	the	affect	heuristic,	as	the	social	construction	of	risk	can	be	associated	with	
either	positive	or	negative	influences	(Trumbo,	2002).	By	incorporating	the	influence	of	
heuristics	as	well	as	social	and	cultural	cues,	social	constructivism	of	risk	is	able	to	provide	a	
more	holistic	approach	to	the	assessment	of	the	perception	of	risk	(Long	and	Ewing,	2004).	
In	a	study	by	Slovic	et	al.	(1991)	using	a	social	constructivist	approach,	residents	were	asked	
to	describe	the	perceived	risks	of	a	new	nuclear	repository	at	Yucca	Mountain.	The	
perceived	risks	in	some	cases	seemed	illogical	(such	as	connections	with	nuclear	war	and	
the	holocaust),	but	actually	they	just	exposed	stigmatisations	of	certain	factors	of	risk	that	
were	processed	through	cultural	and	social	frames	(Nisbet	and	Mooney,	2009).		
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The	value	of	the	social	constructivism	of	risk	paradigm	is	that	it	not	only	allows	for	the	
inclusion	of	diverse	drivers	of	perception,	but	encourages	them.	One	criticism	directed	at	
this	paradigm,	is	that	by	placing	social	constructivist	risk	in	juxtaposition	with	realist	risk,	it	
describes	a	measure	of		‘true’	risk,	which	is	set	by	the	experts	(Rayner,	1988).	However	by	
viewing	social	construction	of	risk	instead	as	a	logical	extension	of	realist	risk	perception,	
that	‘true	risk’	or	scientifically	proscribed	(or	statistical)	risk,	becomes	a	starting	point	that	is	
subject	to	its	own	social,	political,	cultural	and	economic	interpretation	before	
communication	of	the	risk	is	even	attempted	(Kasperson	et	al.,	2003).	The	integration	of	the	
expert	and	non-expert	perceptions	of	risk	are	vital	to	answering	the	question	of	how	better	
to	communicate	geological	risk	in	the	UK,	as	the	importance	of	the	influence	of	the	expert	
perspective	in	the	past	cannot	be	forgotten,	even	as	we	seek	to	move	geoscience	
perception	and	communication	into	a	more	inclusive	place	(Liverman,	2009).	
	
It	is	logical	to	assume	that	expert	participants	in	a	study	will	use	a	realist	psychometric	
approach	to	risk	perception,	focusing	on	aspects	of	the	risk	that	are	quantifiable,	objective	
and	measured	using	probability	(Renn,	1998).	The	different	risk	assessment	methods	are	
outlined	in	Table	3.1	under	realist	and	social	constructivist	perspectives	(Singleton	et	al.,	
2009).	Non-expert	social	constructivist	perceptions	of	risk	are	identified	in	the	psychology	of	
risk	column	and	focus	on	the	individual’s	perception	of	risk	and	the	place	of	perception	in	
risk	communication.	The	differences	between	these	two	approaches	can	be	considered	as	
opposites,	but	in	fact	social	constructivism	of	risk	builds	upon	realist	perceptions	of	risk,	
expanding	the	range	of	perceptions	that	it	includes.	This	makes	the	social	constructivist	
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perception	of	risk	ideally	suited	to	explore	the	difference	between	experts	and	non-experts	
in	relation	to	the	perception	of	geoscience.	
Risk	Method	
Realist	Methods	 Social	Constructivist	Methods	
Actuarial	
Approach	
Toxicology	/	
Epidemiology	
Probabilistic	
Risk	Analysis	
Economics	of	
Risk	
Psychology	of	
Risk	
Social	
Theories	
	of	Risk	
Cultural		
Theories	of	Risk	
Base	Unit	 Expected	Value	 Modelled	Expected	Value	
Synthesised	
Expected	
Value	
Expected	
Utility	
Subjective	
Expected	Utility	
Perceived	
Fairness	&	
Social	
Context	
Shared	Values	
Predominant	
Method	 Extrapolation	
Experiments	/	
Population	
Studies	
Event	&	Fault	
Tree	Analysis	
Risk-Benefit	
Balancing	 Psychometrics	
Surveys	/	
Structural	
Analysis	
Grid-Group	
Analysis	
Scope	of	Risk	
Concept	&	
Risk	
Dimensions	
Universal	 Health	&	Env	 Safety	 Universal	 Individual	Perception	
Social	
Interests	 Cultural	Clusters	
One	 One	 One	 One	 Multiple	 Multiple	 Multiple	
Basic	Function	 Averaging	over	Space,	Time,	Context	 Preference	Aggregation	 Social	Relativism	
Limitations	 Predictive	Power	
Relevance	to	
Humans	/	
Background	
Noise	
Common	
Mode	Failures	
Common	
Denominator	 Social	Relevance	 Complexity	 Communicability	
Major	
Applications	 Insurance	
Health	/	Env.	
Protection	
Safety	
Engineering	
Decision	
Making	
Policy	Making	and	Regulation	
Risk	Communication	
Conflict	Resolution	
Instrumental	
Function	 Risk	Sharing	
Early	Hazard	Warning	
Resource	
Allocation	
Individual	
Acceptance	
Equality,	
Fairness,	
Political	
Acceptance	
Cultural	Identity	Standard	
Setting	
Improving	
Systems	
Social	Function		
Assessment	
Risk	Reduction	and	Policy	Selection		
(Coping	with	Uncertainty)	 Political	Application	
Table	3.1	Risk	framework	that	represents	the	differences	of	the	various	types	of	risk	
assessment	within	realist	and	social	constructivist	risk	paradigms	(Singleton	et	al.,	2009).	
Permission	to	reproduce	this	table	has	been	granted	by	Elsevier.	
An	additional	point	in	favour	of	the	use	of	the	social	constructivist	approach	to	data	
collection	in	this	study	comes	not	from	social	and	psychology	research	methods,	but	from	
the	discipline	of	geoscience	itself.	As	was	discussed	in	the	previous	chapter,	one	of	the	
aspects	that	makes	the	expert	understanding	of	geoscience	harder	to	relate	to	the	non-
expert	understanding	of	geoscience	is	the	historical,	experiential	and	descriptive	nature	of	
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the	science	as	opposed	to	the	more	traditional	experimental	sciences	of	biology,	chemistry	
and	physics	(Dodick	and	Orion,	2003).	This	idea	that	geoscience	as	a	discipline	is	shaped	by	
the	conditions	of	the	planet	as	it	moves	through	time	and	space	and	cannot	be	separated	
from	that	context,	has	many	similarities	with	social	constructivism.	As	geoscience	is	a	
complex	and	detailed	subject,	with	concepts	that	cannot	easily	be	expressed	simply,	this	
correlates	with	the	idea	that	people	create	detailed	conceptual	images	of	their	environment	
in	order	to	make	decisions.	Thus	it	can	be	seen	that	using	an	approach	to	data	collection	
that	favours	the	data	rich,	contextually	valid	method	of	qualitative	data	is	appropriate	for	
this	study	in	more	ways	than	one.	
3.6	The	public	perceptions	of	geological	issues	
In	light	of	questions	raised	surrounding	the	public’s	attitudes	to	risk	and	how	geological	
conceptualisations	are	different	between	experts	and	non-experts,	several	studies	have	
ventured	into	the	realm	of	exploring	the	public’s	perception	of	geology	and	geological	
issues.	Studies	examining	new	geological	technologies	have	frequently	been	most	
concerned	with	assessing	public	acceptance	of	those	technologies,	such	as	the	studies	of	
geothermal	energy	conducted	in	Australia	(Carr-Cornish	and	Romanach,	2014;	Dowd	et	al.,	
2011).	In	these	studies	non-experts	identified	certain	risks	in	connection	with	the	
development	of	geothermal	power	plants,	such	as	seismic	activity	and	groundwater	
pollution	(Dowd	et	al.,	2011).	These	risks	were	often	connected	to	a	negative	perception	of	
the	technology	that	correlated	with	a	lack	of	acceptance	of	that	technology	(Carr-Cornish	
and	Romanach,	2014).	In	order	to	collect	the	data	on	public	perceptions	of	geothermal	
energy,	qualitative	data	was	conducted	in	workshops,	which	focused	on	the	details	of	the	
technology.	This	meant	that	the	details	of	risks	and	benefits	were	restricted	to	specific	
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concerns	surrounding	geothermal	power	and	only	peripherally	explored	concepts	relating	to	
the	geological	subsurface	in	which	the	technology	would	be	located.	
	
Similarly	in	a	study	conducted	by	Walquist	et	al.	(2010)	on	the	benefits	and	risks	associated	
with	Carbon	Capture	and	Storage	(CCS),	it	was	found	that	people	generally	do	not	have	
opinions	about	something	that	they	are	unfamiliar	with,	but	construct	their	ideas	about	
them	when	they	are	asked.	This	was	expressed	in	a	test	of	perception,	whereby	a	majority	
of	participants	stated	that	carbon	dioxide	was	stored	underground	similar	to	inflating	a	
balloon	(45%).	Overall	though	this	study	found	that	limited	pre-existing	information	was	less	
influential	on	people’s	perceptions	of	the	risks	and	benefits	than	the	contingent	socio-
economic	conditions	(Wallquist	et	al.,	2010).		This	finding	was	supported	by	a	study	into	
perceptions	of	public	assessments	of	risks	and	benefits	of	CCS	conducted	by	Singleton	et	al.	
(2009)	using	the	psychometric	method.	Singleton	found	that	the	impact	of	the	‘unknown’	
was	a	dominant	factor	in	increasing	the	participants’	perceptions	of	the	risks	of	CCS	and	that	
the	unknown	extended	beyond	the	details	of	the	technology	and	into	the	geological	
subsurface	environment	(Singleton	et	al.,	2009).	
	
In	a	study	of	the	public	acceptance	of	radioactive	waste	disposal	a	different	method	was	
used:	the	mental	models	method	(Skarlatidou	et	al.,	2012).	The	mental	models	method	
encourages	the	elicitation	of	the	whole	model	of	interconnected	concepts	surrounding	an	
issue,	also	known	as	schemas	and	places	them	within	either	an	expert	or	a	non-expert	
context	(Morgan	et	al.,	2002).	The	value	of	the	mental	models	study	in	examining	an	
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unfamiliar	concept	like	radioactive	waste	disposal	is	that	the	non-expert	does	not	need	to	
have	detailed	knowledge	to	produce	a	mental	model	and	it	can	be	far	more	useful	to	elicit	
unexpected	connections	between	schemas	that	are	different	to	the	experts’	notions	(Goel,	
2007;	Vari,	2004).	In	this	study	Skarlatidou	et	al.	(2012)	first	constructed	an	expert	mental	
model	of	the	risks	surrounding	radioactive	(or	nuclear)	waste	disposal,	which	is	shown	in	
Figure	3.3,	by	interviewing	experts	in	radioactive	waste.	
	
Figure	3.3	Expert	mental	model	of	the	risks	associated	with	radioactive	waste	disposal	after	
Skarlatidou	et	al.	(2012)	with	subjects	explicitly	connected	with	geology	highlighted	in	
yellow.	Bold	highlighted	ovals	are	concepts	held	by	both	expert	and	non-expert.	This	only	
represents	a	top	concepts	diagram	(with	further	detail	available	for	every	concept).	
Permission	to	reproduce	this	image	has	been	granted	by	Wiley.	
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The	expert	model	was	then	used	as	a	framework	to	question	the	non-experts,	who	were	
also	asked	to	elaborate	on	the	affect	associated	with	their	comments,	asking	if	words	
connected	with	these	ideas	were	positive	or	negative.	This	highlighted	areas	where	the	non-
expert	audience	had	no	knowledge	and	also	areas	where	there	were	strong	positive	or	
negative	associations,	such	as	the	impacts	on	health;	which	had	overwhelmingly	negative	
associations.	In	addition	to	these	findings,	it	can	be	seen	from	Figure	3.3	that	although	the	
study	was	comprehensive	in	its	examination	of	the	risks	connected	with	radioactive	waste	
storage,	the	aspects	specifically	relating	to	the	subsurface	in	this	context	were	few	and	
often	unrelated.	What	this	study	demonstrated	again	was	that	the	unfamiliar	can	be	a	
barrier	to	effective	perception	and	communication,	but	that	it	is	not	a	barrier	located	only	in	
factual	data,	but	in	social	context	and	scientific	method	used	by	the	expert	as	well.	This	links	
back	to	findings	from	Chapter	2.6		suggesting	that	science	context	and	science	method	are	
just	as	important,	if	not	more	so,	than	science	content.	
	
3.7	Geoscience	cognition	and	risk	
As	has	been	shown	in	this	chapter,	many	factors	influence	the	public	perception	of	
geoscience	and	geological	risk.	Figure	3.4	demonstrates	how	those	factors	influence	the	
perception	of	geology.	The	main	factors	highlighted	in	this	chapter	are:		
• the	place	of	geology	as	a	historical	and	descriptive	rather	than	empirical	science;		
• the	cognitive	skills	developed	by	the	geoscientists	after	advanced	training,	such	as	
spatial	and	temporal	reasoning;		
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• the	use	of	the	affect	heuristic	in	determining	risk,	which	frequently	leads	to	a	
rejection	of	statistically	based	data	by	non-experts;		
• the	place	of	the	social	constructivism	of	risk	paradigm,	which	places	the	publics’	
assessment	of	risk	within	a	broader	social	context	that	interprets	risk	subjectively	
and	as	a	multidimensional	object;	
• the	dichotomy	between	expert	and	non-expert	interaction	with	both	the	subject	of	
geology	and	the	perception	of	risk.	
	
Figure	3.4	The	relationships	between:	expert	and	non-expert	perception;	the	cognitive	skills	
used	by	geologists;	the	philosophical	position	of	geology	as	a	narrative,	historical	science;	
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the	use	of	heuristics	in	risk	perception;	and	the	growing	inclusion	of	social	constructivism	in	
risk	communication,	provide	the	context	for	the	specific	study	of	geology	as	investigated	in	
this	research.	
	
Within	the	geological	sciences	an	understanding	of	the	impact	of	the	perception	of	geology	
has	long	been	limited	to	educational	studies,	as	was	explored	in	the	previous	chapter,	but	
more	recently	has	expanded	in	to	addressing	the	public’s	ideas	of	new	and	controversial	
geoscience	industries	such	as	radioactive	waste	(Skarlatidou	et	al.,	2012)	carbon	capture	
and	storage	(Singleton	et	al.,	2009)	and	geothermal	power	(Carr-Cornish	and	Romanach,	
2014).	However,	these	studies	have	all	been	focused	on	one	particular	technology	and	the	
aspects	of	geology	that	have	been	studied	as	part	of	these	investigations	are	peripheral	to	
the	technologies	under	study.	Thus	it	is	logical	that	a	study	should	examine	these	concepts	
from	a	broader	subject-centric	context.	In	the	next	chapter	these	different	influences	will	be	
gathered	together	to	create	a	conceptual	framework	and	describe	the	method	that	will	be	
used	in	this	study	of	the	public	perception	of	the	geological	subsurface.	
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Chapter	4	Theoretical	Framework	and	Research	Approach	
	
4.1	Introduction	
In	the	previous	two	chapters	the	background	literature	on	science	communication,	
geoscience	cognition	and	attitudes	to	risk	were	explored,	revealing	the	influence	of	the	
expert	–	non-expert	divide	in	communicating	geoscience.	In	Chapter	2	the	development	of	
theories	in	science	communication	and	education	developed	from	the	deficit	style	of	
knowledge	transfer	to	a	more	inclusive	constructivist	style	of	science	dialogue	using	the	
science	and	society	paradigm	(Sturgis	and	Allum,	2004).	The	role	of	science	literacy	was	
examined	from	its	roots	in	the	didactic	measurement	of	science	content	connected	with	the	
deficit	model,	to	the	more	inclusive	use	of	literacy	including	concepts	of	science	context	
within	a	social	environment	and	science	method,	taking	into	account	the	different	
perspectives	of	scientists	and	non-scientists	(Petcovic	and	Libarkin,	2007;	Wilkinson,	2010).	
The	adoption	of	science	literacy	by	the	geoscience	education	community	has	seen	the	
application	of	the	science	content	aspect	with	the	development	of	the	ESLI	Principles	of	
Earth	Science	Literacy	(Earth	Science	Literacy	Initiative,	2009),	but	at	this	stage	science	
context	and	science	method	are	not	included	in	the	same	way	as	they	are	with	science	
communication	researchers	(Bucchi,	2008;	Bauer,	2009;	Wilsdon	et	al.,	2005).		
	
In	Chapter	3	the	role	of	science	context	and	science	method	in	geoscience	was	explored	by	
examining	the	incipient	field	of	geoscience	cognition,	which	studies	the	ways	that	
geoscience	subjects	are	perceived,	both	by	experts	and	by	non-experts	(King	et	al.,	2008).	
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The	influence	of	many	contextual	and	method	based	factors	was	considered	including	the	
influence	of	different	cognitive	skills	employed	by	geoscientist	and	the	place	of	geology	as	
an	historical,	observational	science	(Frodeman,	1995).	In	addition	the	influence	of	risk	
assessment	and	perception	was	considered,	as	the	perception	of	risk	and	hazard	is	closely	
connected	to	many	factors	of	geoscience	research	(Singleton	et	al.,	2009).	The	use	of	the	
psychometric	model	of	risk	awareness	as	developed	by	Slovic	(1991)	and	the	influence	of	
the	affect	heuristic	upon	that	model	was	described,	as	well	as	the	development	of	the	social	
constructivist	paradigm	of	risk	perception	(Kasperson	et	al.,	2003).	Both	the	affect	heuristic	
and	the	social	constructivist	paradigm	of	risk	perception	serve	to	highlight	the	differences	
between	the	way	that	experts	and	non-experts	perceive	science	data,	particularly	science	
data	connected	to	issues	of	risk.	The	influence	of	the	difference	between	the	expert	and	the	
non-expert	was	reinforced	in	studies	into	the	public	perception	of	several	new	geological	
technologies,	particularly	Carbon	Capture	and	Storage	(CCS),	radioactive	waste	disposal	and	
geothermal	power.	In	a	series	of	studies	on	these	topics,	researchers	found	that	not	only	
was	the	perception	of	the	expert	markedly	different	to	the	perception	of	the	non-expert	in	
terms	of	evaluating	risks	and	benefits	(Wallquist	et	al.,	2010,	Carr-Cornish	and	Romanach,	
2014),	but	that	unfamiliarity	exacerbated	that	difference	(Skarlatidou	et	al.,	2012).	This	has	
direct	relevance	to	this	study	when	the	initial	aims	presented	in	Chapter	1	are	reconsidered:	
	
1. What	are	the	perceptions	of	geoscience	in	the	three	villages	under	study	(and	
how	is	that	visualised	both	at	a	conceptual	and	local	level)?	
2. How	does	geoscience	perception	relate	to	perceptions	of	‘the	subsurface’	in	
particular?	
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3. How	does	this	geoscience	perception	relate	to	levels	of	knowledge	and	
confidence	in	comparison	to	the	expert	perceptions	of	the	same	topics	(in	other	
words:	what	is	the	geoscience	literacy	of	the	non-expert	participants)?	
4. How	could	existing	levels	of	geoscience	perception	and	an	understanding	of	
geoscience	knowledge	be	used	to	improve	communications	between	experts	and	
non-experts?	
	
The	issue	of	the	difference	between	expert	and	non-expert	perception	of	the	geological	
subsurface	and	the	influence	of	unfamiliarity	will	have	a	direct	impact	on	all	four	aims,	
especially	when	considering	these	further	research	questions	that	build	upon	the	aims:	
	
• What	ideas	are	central	to	experts	and	non-expert	conceptualisations	of	the	
geological	subsurface?		
• How	do	experts	and	non-experts	visualise	the	geological	subsurface?		
• Does	local	non-expert	knowledge	(i.e.	context)	have	an	impact	on	conceptualisation	
of	the	geological	subsurface?		
	
	
As	a	result	of	the	interdisciplinary	nature	of	this	research,	it	was	necessary	construct	a	
theoretical	framework	to	explore	these	aims	and	questions,	which	incorporate	all	the	
literature	presented	in	the	previous	two	chapters.	
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4.2	Theoretical	framework		
Figure	4.1	Theoretical	framework	encompassing	all	themes	introduced	in	the	literature	
chapters,	which	identifies	the	gap	in	the	literature	that	this	study	examined.		
	
There	are	five	main	concepts	that	connected	with	this	study,	which	are	combined	into	the	
theoretical	framework	shown	in	Figure	4.1.	These	concepts	are	derived	from	the	themes	
covered	in	the	two	literature	chapters.	The	education	concept	relates	to	the	development	of	
science	education	theories	and	is	connected	in	this	study		with	communication,	the	focus	of	
which	is	on	science	communication	as	it	represents	the	informal	or	public	facing	side	of	
science	learning.	The	cognition	of	risk	concept	connects	with	the	communication	concept	
and	covers	the	topics	discussed	previously	relating	to	the	study	of	the	perception	of	risk	and	
conceptualisation	of	science	subjects,	the	latter	which	is	the	focus	of	this	study.	The	final	
two	concepts,	critical	and	non-critical	geology	are	connected	to	the	way	that	geological	
subjects	are	communicated	in	both	risk	and	learning	frameworks,	by	either	focusing	on	the	
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critical	(risk	related)	or	the	non-critical	(learning	related).	As	most	previous	studies	
examining	the	way	that	informal	public	facing	communication	of	a	risk	perception	is	
communicated	have	related	to	critical	subjects	such	as	radioactive	waste	disposal	or	
geological	hazards	(Skarlatidou	et	al.,	2012;	Donovan	et	al.,	2012);	this	study	will	also	focus	
on	the	non-critical,	knowledge	based	aspects	of	geology,	for	example	plate	tectonics,	that	is	
usually	communicated	in	formalized	science	education	environments	(Clark	et	al.,	2011).		
	
At	the	nexus	of	these	concepts	as	displayed	with	the	theoretical	framework	is	the	
perception	and	communication	of	the	geological	subsurface.	As	the	previous	chapter	
highlighted,	the	greatest	factors	to	influence	the	study	of	the	perception	and	
communication	of	geology	are	the	juxtaposition	between	the	expert	and	the	non-expert	in	
perceptions	of	geoscience	and	the	importance	of	the	unfamiliarity	of	geoscience	to	many	
participants.	This	unfamiliarity	was	revealed	in	Chapter	1	in	the	pilot	study	of	the	five	words	
that	people	associated	with	the	word	geology.	It	has	also	been	found	to	be	important	when	
studying	the	public’s	perception	of	new	geological	technologies	such	as	in	a	study	of	public	
perception	of	CCS	(Wallquist	et	al.,	2010).	This	study	found	that	“most	people	have	some	
idea	of	the	subsurface”	(Wallquist	et	al.,	2010,	page	6557),	but	in	general	that	the	public	
finds	topics	centred	in	the	subsurface	unfamiliar	and	rely	on	incomplete	ideas	or	
misconceptions	to	help	them	construct	their	perceptions.	
	
In	order	to	conduct	this	research	a	method	was	needed	that	would	take	into	consideration	
the	expert	and	non-expert	dichotomy,	the	role	of	unfamiliarity	and	the	diversity	of	
78	
	
preconceptions	that	participants	may	use	in	constructing	their	ideas	about	the	geological	
subsurface.	In	a	study	of	Radioactive	Waste	Disposal,	Vari	(2004)	suggested	that	the	mental	
models	approach	to	risk	communication	as	developed	by	Morgan	et	al.	(2002)	was	ideally	
suited	to	the	study	of	the	perception	of	unfamiliar	subjects.	Due	to	the	exploratory	nature	
of	the	aims	and	associated	questions	it	was	necessary	to	employ	a	qualitative	method	in	
order	to	allow	participant	held	ideas	to	emerge	from	the	data.	In	order	to	test	the	reliability	
of	results	gained	from	the	qualitative	data	collection,	a	quantitative	method	was	also	
chosen	to	augment	the	data	collection.	This	‘mixed	method’	approach	allows	for	the	
inclusion	of	emerging	concepts	in	this	previously	under-studied	area,	but	also	the	
opportunity	to	test	those	concepts	against	a	larger	sample	size.		The	mental	model	method	
incorporates	a	semi-structured	interview	combined	with	a	multiple	choice	questionnaire,	
and	both	of	these	methods	will	be	introduced.	In	addition	to	using	a	qualitative	data	
collection	method,	the	potential	impact	of	exploring	unfamiliar	concepts	will	be	addressed	
with	the	elucidation	of	the	3D	participatory	mapping	method,	as	previously	used	by	Maceda	
et	al.	(2009).	This	chapter	will	also	detail	the	influence	of	the	pilot	studies	on	the	design	and	
development	of	the	data	collection	methods,	as	well	as	the	process	of	selecting	the	survey	
sites	and	participants.		
	
4.3	The	value	of	a	mixed	methods	process	
The	mental	models	approach	is	particularly	suited	to	the	exploratory	study	of	public	
perceptions	of	the	geological	subsurface	as	addressed	in	this	thesis,	which	has	previously	
been	identified	as	an	unfamiliar	one	for	the	public	(Chapter	1.4.1)	because	of	its	mixed	
method	style	of	data	collection.	In	a	study	of	public	perceptions	of	nuclear	waste	disposal,	
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Vari	(2004)	described	how	the	mental	models	approach	allowed	participants	to	discuss	
ideas	that	may	have	been	unfamiliar	to	them,	despite	their	lack	of	previous	knowledge.	Goel	
(2007)	discussed	the	value	inherent	in	using	a	qualitative	data	collection	method	when	
studying	perceptions	of	a	new	and	unfamiliar	topic:	qualitative	data	collection	can	provide	
rich,	deep	and	unanticipated	data	for	the	researcher	that	can	lead	to	a	more	nuanced	
appreciation	of	the	perceptions	held	by	the	public.		
	
However,	qualitative	data	collection	can	be	criticized	(e.g.	Cherardi	and	Turner,	2002;	Braun	
and	Clarke,	2006;	Feig	and	Stokes,	2011)	as	it,	necessarily,	requires	a	small	sample	size	and	
contains	data	that	may	never	be	replicated.	It	can	be	perceived	as	lacking	validity	and	
replicability,	and	is	often	prone	to	influence	from	researcher	bias	(Wilholt,	2009).	Many	of	
these	criticisms	seem	to	be	‘solved’	by	using	a	quantitative	method	when	the	researcher	is	
removed	from	the	data	collection	and	statistical	analysis	is	used	to	examine	the	data	
collected;	the	researcher's	perspective	is	then	perceived	to	move	from	the	subjective	to	the	
objective	(Bryman,	2015).	This	however	is	unlikely	to	be	entirely	true	as	no	researcher	is	
truly	objective	and	all	data	interpretation	brings	with	it	a	level	of	bias	(Wilholt,	2009).	An	
additional	limitation	in	the	use	of	quantitative	data	collection	in	studies	of	uncertain	or	
unfamiliar	subjects	is	the	proscriptive	nature	of	such	studies	(Bryman,	2015).	A	quantitative	
survey	can	only	test	assumptions	that	the	researcher	holds	to	be	in	question	and	cannot	
expose	or	explore,	new	or	unexpected	perceptions.	This	means	that	sometimes	a	survey	can	
generate	false	data,	as	the	participants	attempt	to	align	their	perceptions	with	the	
alternatives	provided	to	them	(Robson	and	McCartan,	2015).	
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The	mental	models	approach	to	risk	(Morgan	et	al.,	2002)	is	one	such	mixed	method	
procedure	that	uses	both	qualitative	and	quantitative	data.	It	assumes	that	the	heuristics	
and	biases	used	by	non-experts	to	interpret	controversial,	critical	or	unfamiliar	issues	do	not	
form	an	entire	model	that	directly	reflects	the	world	as	the	participant	experiences	it,	but	
rather	constitute	a	series	of	interconnecting	schema	that	may	colour	the	perception	of	an	
issue	(Morgan	et	al.	2002).		
	
This	qualitative	and	quantitative	process	consists	of	three	main	stages:	
1. Qualitative	semi-structured	interviews	are	conducted	with	a	broad	sample	of	the	
target	population,	as	well	as	with	technical	experts	in	the	field	under	question.	
These	semi-structured	interviews	provide	the	participant	with	an	opportunity	to	
speak	freely	about	the	issue,	but	also	discuss	related	or	perhaps	peripheral	topics	
that	the	participant	feels	is	relevant	(Mabon	et	al.	2014).	Once	this	stage	is	
completed,	a	series	of	models	are	constructed	which	reflect	the	key	perceptions	
held	by	each	group	and	considers	how	these	perceptions	compare	across	groups	
of	different	‘expertise’.	
2. Quantitative	questionnaires	are	constructed	from	the	models	produced	after	the	
interview	stage.	These	questionnaires	test	the	dominant	perceptions	that	are	
highlighted	by	the	model	as	representing	the	area	of	greatest	concern	or	interest	
for	the	participants	and	researcher.	The	statements	or	questions	are	constructed	
using	the	language	of	the	participants	so	as	to	minimise	bias.	The	results	of	the	
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questionnaire	are	then	compared	to	the	original	models	to	test	their	validity	in	a	
larger	sample.	
3. If	the	model	provides	a	good	reflection	of	the	dominant	perceptions	of	the	target	
population,	then	an	optional	final	stage	involves	creating	a	communication,	
which	is	designed	to	dovetail	with	the	model	content,	in	order	to	stimulate	useful	
dialogue	or	provide	information.	This	communication	can	then	be	tested	for	its	
ability	to	improve	knowledge	and	understanding	in	the	target	population.	
	
4.4	A	mental	models	approach	
At	the	end	of	the	20th	Century,	the	two	dominant	approaches	in	deductive	reasoning	were	
‘mental	logic’	(or	the	linguistic/syntactic	method)	and	‘mental	models’	(or	the	visuo-spatial	
method)	(Goel,	2007).	These	models	represented	the	difference	between	a	logical	(more	
analytical)	method	of	reasoning	and	a	non-verbal	method	of	reasoning.	These	two	
approaches,	considered	the	‘classic’	theories	of	deductive	and	inductive	reasoning,	both	
have	logical	foundations,	but	the	mental	logic	theory	focuses	more	strictly	on	inductive	
pattern	of	rules	(Manktelow,	2012).	The	respective	theories	could	be	described	as	a	theory	
of	rules	and	a	theory	of	relationships	(Holyoak	and	Morrison,	2012).	In	recent	years,	both	
theories	have	been	replaced	by	other		theories	of	reasoning	used	by	theoretical	
practitioners,	often	dual	system	theories,	such	as	the	heuristic-analytic	theory	proposed	by	
Evans	(2006).	These	theories	tend	to	combine	an	aspect	of	unconscious	processes	with	the	
more	traditional	rule	based	process	that	was	associated	with	the	mental	logic	theory.	In	the	
case	of	mental	logic	this	loss	of	favour	has	occurred	partially	because	it	is	suggested	that	the	
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theory	focuses	too	strongly	on	the	syntax	and	not	enough	on	the	meaning	behind	the	
process	(Manktelow	and	Chung,	2004).	Mental	models	theory,	however,	has	been	adopted	
by	practitioners	of	applied	deductive	reasoning	especially	as	it	relates	to	risk	and	the	nature	
of	examining	the	perceptions	of	unfamiliar	or	uncertain	topics.	
	
Recent	studies	have	highlighted	the	importance	of	mental	models	theory	in	terms	of	
problem	solving	related	to	unfamiliar	or	unknown	concepts.	Goel	(2007)	found	that	when	
comparing	the	visuo-spatial	model	to	the	linguistic/syntactic	model,	the	linguistic/syntactic	
(mental	logic)	was	more	commonly	used	to	process	familiar	concepts	with	unknown	
solutions,	whereas	the	visuo-spatial	method	(mental	models)	was	more	commonly	used	to	
process	unfamiliar	concepts	with	unknown	solutions.	As	demonstrated	in	the	pilot	study	in	
Chapter	1,	geoscience	is	a	subject	that	most	people	engage	with	on	a	visual	level,	relying	on	
those	aspects	that	are	familiar.	In	order	to	engage	with	the	unfamiliar,	invisible	realm	of	the	
subsurface	an	approach	will	have	to	be	used	that	compensates	for	that	lack	of	familiarity	
and	this	is	why	mental	models	theory	is	the	most	appropriate.	This	can	be	shown	in	the	
influence	of	different	aspects	of	risk	perception	research	such	as	the	use	of	the	affect	
heuristic	and	the	importance	of	the	social	amplification	of	risk	theory	(Slovic,	2001;	
Kasperson	et	al,	2003).	
	
The	theory	of	mental	models	was	first	described	by	Craik	(1943)	who	suggested	that	people	
replicate	external	events	into	‘internal	models’	so	that	a	‘working	model’	can	allow	the	
individual	to	predict	events	that	have	not	yet	happened.	This	idea	of	internal	or	‘mental	
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models’	was	adopted	by	Johnson-Laird	(1983)	to	develop	a	theory	that	unites	the	disciplines	
of	deductive,	probabilistic	and	modal	reasoning,	into	a	single	theory.	That	theory	has	the	
following	assumptions:	
	
1. An	object	or	concept	in	the	physical	world	is	represented	by	a	‘token’	and	all	
properties	and	relationships	help	by	the	object	in	the	physical	world	are	replicated	
by	the	token’s	properties	and	relationships.	
2. Any	variable	possibilities	are	represented	by	additional,	varied	models.	
3. The	alternate	models	will	attempt	to	test	the	conclusion	of	the	initially	accepted	
model.	
4. If	no	alternative	proves	viable,	the	conclusion	will	be	held	to	be	true	(or	necessary).	
5. The	more	models	that	have	to	be	constructed	to	test	a	conclusion,	the	harder	a	
problem	is	to	solve.		
6. Models	tend	to	represent	what	is	‘true’	or	‘positive’	rather	than	what	is	‘false’	or	
‘negative’.	
	
To	develop	a	model,	a	schema	can	be	retrieved	from	memory	to	deal	with	new	data,	or,	if	
no	pre-existing	schema	is	available,	one	will	have	to	be	constructed	(Mandler,	1988).	Once	
initiated,	a	schema	will	direct	behaviour	and	serve	as	a	framework	for	acceptance	and	
integration	of	new	information.	However,	if	the	information	(or	concept)	that	is	presented	
conflicts	with	any	existing	schemas,	then	the	person	is	more	likely	to	discard	it,	leading	to	a	
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misconception	being	formed	(Vari,	2004).	Once	a	mental	representation	of	the	physical	
world	has	been	created	it	can	then	be	transferred	back	in	the	physical	world	by	means	of	
explicit	description	–	using	text	or	images	(Forrester,	1973),	which	is	then	used	to	compare	
and	evaluate	different	models.		
	
One	of	the	reasons	for	using	the	mental	models	approach,	is	to	address	the	problem	
inherent	in	interpreting	qualitative	data	from	the	perspective	of	the	participant	to	the	
perspective	of	the	interviewer	(Driver,	1996;	Leach,	1996).	This	recognition	of	the	influence	
of	context	and	background	to	the	meaning	of	words	suggest	that	“a	perfect	match	between	
an	expert’s	(the	investigator)	and	a	layman’s	(the	student)	meaning	is	rather	unlikely”	(Bezzi,	
1999,	page	677).	The	mental	models	approach	seeks	to	overcome	this	boundary	by	allowing	
the	participant’s	narrative	and	concepts	to	be	presented	equally	within	their	own	
conceptual	framework,	negating	the	need	for	a	word	to	word	interpretation	by	the	external	
observer.	
	
The	appreciation	for	the	value	of	every	participant,	expert	and	non-expert	alike	is	inherent	
in	the	use	of	mental	models	for	risk	communication.	As	the	approach	assumes	an	individual	
will	construct	an	artificial	reality	in	their	mind	in	order	to	test	a	series	of	simulated	
scenarios,	using	data	previously	collected	and	valued	by	that	individual	(Morgan	et	al.,	
2002),	it	is	reasonable	to	conclude	that	the	decision	about	what	action	to	take	will	be	based	
upon	a	logical	interpretation	of	the	results	of	these	tests	(Johnson-Laird,	2013).		
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This	mental	models	approach	can	be	demonstrated	by	considering	a	simple	issue	such	as	
‘travelling	down	stairs’.	A	researcher	can	build	a	model	of	what	a	person	considers	when	
they	are	thinking	of	walking	up	or	down	stairs	(Morgan	et	al.,	2002)	by	looking	at	all	the	
different	factors	that	might	cause	you	to	trip	on	the	stairs	and	therefore	what	you	may	have	
to	do	to	control	those	factors.	This	simple	example,	represented	in	Figure	4.2,	demonstrates	
the	particular	effectiveness	of	mental	models.	In	the	diagram,	some	factors	such	as	the	floor	
covering,	lighting	or	the	height	and	width	of	the	stairs	may	be	anticipated	by	experts,	and	
identified	using	statistical	information	as	being	valuable	factors	to	communicate	hazards	
about.	To	an	expert	on	the	issue	of	trips	and	falls	on	stairs,	factors,	known	as	‘nodes’,	may	
not	have	included	specific	information	such	as	the	‘sleeping	habits	of	the	cat’,	but	this	might	
be	a	key	issue	for	a	non-expert	anticipating	this	circumstance.	The	use	of	mental	models,	
therefore,	allows	the	researcher	to	gain	a	better	understanding	of	the	importance	of	many	
issues	from	both	the	expert	and	non-expert	perspective,	and	also	allows	for	the	inclusion	of	
not	just	analytical	reasoning,	but	experiential	as	well	(Leiserowitz,	2006).	
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Figure	4.2	Illustration	of	the	construction	of	an	influence	diagram	using	the	mental	models	
approach	for	the	risk	of	tripping	and	falling	on	the	stairs:	a)	shows	just	those	two	elements;	
b)	adds	factors	that	could	cause	a	person	to	trip;	c)	adds	factors	that	might	prevent	a	fall	
after	a	person	trips;	and	d)	introduces	decisions	that	a	person	could	make	that	would	
influence	the	probabilities	of	tripping	and	falling	(Morgan	et	al.,	2002	p37).	Permission	to	
reproduce	this	image	has	been	granted	by	Granger	Morgan.	
The	value	of	the	mental	models	approach	in	risk	communication	is	that	the	approach	
captures	previously	unknown	data	from	both	expert	and	non-expert	perspectives	and	this	
can	be	extended	into	more	complex	situations.	In	the	context	of	geological	hazards	and	
risks,	it	was	found	that	in	cases	where	the	risks	are	unfamiliar	to	the	individual,	mental	
models	theory	allowed	the	participant	to	explore	the	decision-making	process	more	fully	
(Goel,	2007).	When	applied	to	specific	contexts,	most	notably	to	radioactive	waste	
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management	and	carbon	capture	and	storage	(Skarlatidou	et	al.,	2012;	Vari,	2004;	Wallquist	
et	al.,	2010),	it	was	found	that	in	cases	where	the	perceived	risk	of	new	technology	was	
greater	than	the	actual	risk	(or	the	risk	designated	by	the	expert),	mental	models	provided	a	
useful	holistic	approach	to	decision	making,	because	it	placed	equal	value	on	the	attitudes	
of	both	expert	and	non-expert	(Vari,	2004).	
	
In	placing	the	non-expert	in	a	position	of	equal	authority	with	the	expert,	any	information	
provided	by	the	non-expert	is	represented	as	equally	important	(Morgan	et	al.,	2002).	This	
draws	the	communicator	away	from	the	one-directional	deficit	model	of	communications	
(Bucchi,	2008)	as	considered	in	Chapter	2	and	towards	a	more	inclusive	mode,	such	as	those	
suggested	in	the	Science	and	Society	paradigm	(Wilsdon	et	al.,	2005).	In	addition,	the	
mental	models	approach	allows	researchers	to	assess	not	only	what	participants	(both	
expert	and	non-expert)	involved	with	an	issue	think,	but	also	why	they	think	it	(Kiker	et	al.,	
2005).	By	using	qualitative,	interview	based	initial	data,	the	researcher	can	encourage	the	
participant	to	delve	deeply	into	their	perceptions	specific	to	the	subject,	but	also	give	them	
the	freedom	to	express	unanticipated	perspectives	(the	‘sleeping	cat’	data)	and	relate	them	
to	the	question	at	hand.	This	is	valuable	to	both	expert	and	non-expert,	as	it	allows	both	
parties	to	fully	express	their	perceptions	of	an	issue	and	come	to	a	greater	understanding	of	
the	other	party’s	perspective.	The	mental	models	approach	therefore	encourages	the	
capture	of	a	broad	and	elaborate	field	of	data,	but	also	follows	data	collection	with	a	careful	
and	sympathetic	refinement	of	that	data	to	focus	on	concepts	that	are	important	to	all	
participants,	which	will,	in	turn,	increase	the	efficacy	and	significance	of	any	
communications	(Frewer,	2004).	
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4.5	3D	participatory	mapping	
In	addition	to	using	the	Morgan	et	al.	(2002)	mental	models	technique	in	this	study,	a	
further	issue	had	to	be	overcome	in	the	design	of	the	data	collection	method:	how	to	
verbalize	unknown	concepts.	In	previous	studies	of	geological	risk	(Cadag	and	Gaillard,	2012;	
Maceda,	2009)	it	was	found	that	participants	had	difficulty	in	expressing	concepts	that	they	
were	unfamiliar	with,	during	interviews	or	focus	groups.	During	classroom	studies	of	both	
science	and	mathematics	education,	it	was	found	that	children	unable	to	verbalise	an	
unfamiliar	concept	relied	on	gesticulation	or	other	visual	depictions	of	the	concept	to	
develop	understanding	(Kastens	et	al.,	2008;	Radford,	2009).	It	was	also	found	that	in	some	
circumstances	a	student’s	inability	to	verbalise	an	unfamiliar	concept	could	cause	them	to	
retreat	from	the	subject	in	question	(Haas,	1993).	This	difficulty	that	some	participants	have	
in	expressing	their	thoughts	verbally	in	an	interview	is	not	only	limited	to	unfamiliar	
concepts	(Ongena	and	Dijkstra,	2007),	but	can	cause	difficulty	in	progressing	an	interview,	if	
the	participant	feels	uncomfortable	(Cooke	and	McDonald,	1986).	Because	geology	is	a	very	
descriptive	and	visual	science	(Frodeman,	1995),	this	can	lead	to	misinterpretation	of	ideas	
from	both	the	expert	and	the	non-expert.		
	
As	such	it	was	decided	to	introduce	an	alternative	method	of	eliciting	perceptions	of	the	
geological	subsurface	from	participants	that	did	not	rely	on	verbalisation.	In	studies	of	
volcanic	risk	Maceda	et	al.	(2009)	used	a	form	of	3D	participatory	mapping	to	permit	more	
detailed	representations	of	the	residents	of		an	island	in	the	Philippines	in	response	to	
community	based	disaster	risk	management.	By	incorporating	the	participatory	maps,	
Maceda	et	al.	found	that	a	better	quality	of	data	was	gathered	which	not	only	included	
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previously	marginalised	groups,	but	bridged	the	gap	of	knowledge	during	scientist	and	
resident	communications	(Maceda	et	al.,	2009).	The	use	of	3D	participatory	maps	have	
found	to	be	useful	in	discussing	a	variety	of	different	risk	or	disaster	related	concepts,	and	in	
each	case	serve	to	include	marginalized	participants,	and	ease	communication	between	
different	groups	(Cadag	and	Gaillard,	2012;	Dennis	Jr	et	al.,	2009;	Dongus	et	al.,	2007;	
McCall	and	Minang,	2005).	As	a	consequence	it	appeared	to	provide	the	best	solution	for	
this	study	to	encouraging	the	elicitation	of	perceptions	from	participants	that	are	unfamiliar	
with	the	geological	subsurface.	
	
As	the	focus	of	this	study	was	on	the	geological	subsurface	and	not	surface	risk,	the	
researcher	decided	to	construct	the	model	as	a	cube,	with	a	topographic	image	on	the	top	
surface	to	provide	visual	cues	to	the	user	in	order	to	locate	themselves	and	blank	boards	on	
the	side	to	represent	the	underground	element.	This	method	of	constructing	the	3D	cube	
model	follows	debates	on	Vosniadou	and	Brewer’s	(1992)	use	of	drawn	images	to	elicit	
children’s’	conceptions	of	the	Earth.	In	the	discussion	around	the	use	of	drawn	images	to	
elicit	the	children’s’	mental	models	of	the	Earth,	Vosniadou	and	Brewer’s	method	of	
elicitation	was	criticized	as	being	too	ambiguous,	leading	to	the	data	giving	a	false	
representation	of	the	true	conceptions	that	the	children	held	(Panagiotaki	et	al.,	2009)	as	
was	also	demonstrated	to	be	true	in	previous	studies	(Siegal	et	al.,	1988).	It	was	suggested	
that	in	order	to	elicit	true	mental	models,	participants	should	be	surveyed	using	more	
restricted	methods,	such	as	forced	answer	questions	and	a	choice	of	3D	models	(Panagiotaki	
et	al.,	2009).	By	using	more	constrained	stimuli	it	was	suggested	that	the	influence	of	
ambiguity	in	the	questions	would	be	reduced,	therefore	providing	a	more	accurate	
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representation	of	the	children’s	mental	models	of	the	Earth	(Nobes	and	Panagiotaki,	2007).	
However,	Vosniadou	et	al.	(2004)	challenged	this	proposition	with	the	contention	that	too	
much	regulation	could	force	participants	into	providing	representations	that	best	fit	the	
choices	that	they	were	given	and	would	still	not	provide	the	true	mental	models	held	by	the	
participants.	Thus	it	was	suggested	that	a	middle	ground	be	found,	with	some	guidance	to	
provide	context,	but	with	enough	freedom	for	participants	to	provide	alternate	conceptions	
not	anticipated	by	the	researcher	(Vosniadou	et	al.,	2004).		
	
For	this	study	the	3D	cube	model	(henceforth	described	as	the	‘cube’)	was	constructed	by	
cutting	a	topographically	accurate	landscape	representation	of	the	surface	area	surrounding	
each	of	the	three	villages	chosen	for	the	project	(see	Chapter	4.6.2).	The	topographic	
surfaces	were	machine	cut	at	a	thickness	that	ensured	the	topography	was	not	too	
exaggerated,	which	resulted	in	a	scale	of	1:20	simulation	(Figure	4.3).	The	topographic	
surface	was	then	covered	by	an	aerial	photograph	printed	onto	fabric	(Figure	4.4),	which	
was	vacu-formed	over	the	layered	topographic	surface,	in	order	to	create	a	simulation	of	
the	3D	topography	of	the	area	(Figure	4.5).	The	3D	topographic	surface	was	then	secured	to	
a	frame	that	formed	a	1m3	block,	and	erasable	whiteboards	were	fixed	to	the	sides,	creating	
a	solid	cube	as	shown	in	Figure	4.6.		
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Figure	4.3	Topographic	simulation	of	area	surrounding	one	of	the	selected	villages,	scale	of	
model	is	1:20.	The	simulation	is	constructed	using	contour	data	provided	by	the	Ordinance	
Survey.	
	
Figure	4.4	Topographic	surface	overlain	with	aerial	photo	printed	on	to	fabric	correlated	to	
contour	data	provided	by	Ordinance	Survey.	
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Figure	4.5	Topographic	surface	with	aerial	photo	overlain	is	placed	into	a	vacuum	former	to	
adhere	the	fabric	to	the	surface.	
	
Figure	4.6	Topographic	surface	overlain	with	aerial	photo	placed	on	a	1m3	frame,	with	sides	
covered	in	whiteboard	paper	in	order	to	allow	participant	annotation	of	the	cube.	
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The	 cube	was	 designed	 to	 be	 portable	 as	 the	 researcher	was	 going	 to	 be	 responsible	 for	
transporting	 the	 cube	 to	 the	 participant	 interviews	 at	 several	 locations	 across	Devon	 and	
Cornwall.	It	was	also	necessary	that	the	cube	be	reusable,	and	resilient	to	transport.		
	
4.6	Location	of	the	study	
The	selection	of	survey	sites	was	based	upon	a	detailed	desk	study	examining	the	variety	of	
villages	in	Devon	and	Cornwall	with	different	relationships	to	geology.	Once	an	initial	pair	of	
sites	was	found,	an	examination	of	demographic	ensured	that	all	sites	had	the	closest	
demographic	match	possible,	within	the	criteria	for	selection.	The	survey	sites	were	selected	
in	the	southwest	of	England	because	of	the	variety	of	geological	influence	on	the	social,	
economic	history	and	cultural	legacy	of	the	area	(Coupland,	2012;	Deacon,	1988;	Knight	and	
Harrison,	2013),	which	provides	an	interesting	backdrop	to	studies	of	public	perception	of	
the	geological	subsurface.	In	addition,	this	area	is	proximal	to	the	researcher’s	location	
which	enabled	valuable	relationships	to	be	built	with	communities,	local	experts	and	
industry.	
	
4.6.1	Geology	of	the	southwest	of	England	
The	geology	of	the	south	west	of	England	(i.e.	Devon	and	Cornwall)	is	dominated	by	
intensley	deformed	interbedded	deposits	of	fine-grained	sandstone,	mudstones	and	shales,	
intruded	by	several	granite	batholiths	(Edmonds	et	al.,	1975).	The	sedimentary	deposits	are	
mostly	Devonian	and	Carboniferous	in	age,	with	small	localised	metamorphised	ophiolite	
and	gabbros	(serpentenite)	deposits,	limestones	and	coarse	red	sandstone/conglomerate	
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deposits	found	across	both	counties,	particularly	in	the	south.	The	granite	batholiths	are	
called	the	Cornubian	Massif	and	represent	a	time	that	the	region	was	undergoing	great	
tectonic	stresses,	associated	with	the	Variscan	Orogeny	(Hunter	and	Easterbrook,	2004).	
This	resulted	in	a	number	of		features	being	present	in	Devon	and	Cornwall	that	are	
commonly	associated	with	this	type	of	activity	such	as:	compressional	structures;	thrust	
faults	and	folds;	and	a	low	grade	regional	metamorphism.	The	diagram	in	Figure	4.7	
demonstrates	the	major	geological	units	of	the	region.	
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Figure	4.7	Geological	map	of	the	south	west	of	England	(Edmonds	et	al.,	1975).	Permission	
to	reproduce	this	image	is	granted	through	Crown	Copyright.	
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This	tumultuous	and	diverse	geological	history	has	resulted	in	several	visually	distinct	
landscape	features	in	the	region.	In	South	Devon	the	Permian	sandstones	and	
conglomerates,	which	escaped	the	folding	and	faulting	associated	with	the	Variscan	
Orogeny	form	cliffs	along	the	coastline,	as	are	shown	in	Figure	4.8.	
	
	
Figure	4.8	Red	Permian	cliffs	commonly	visible	along	the	south	coast	of	Devon.	
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Figure	4.9	Saddle	Tor,	a	granite	landscape	feature	in	Dartmoor	National	Park.	
Another	distinctive	feature	can	be	found	on	any	of	the	several	moorland	spaces	across	the	
region	–	granite	outcrops	locally	known	as	‘tors’	as	shown	in	Figure	4.9	(Selwood	et	al.,	
1998).	These	geological	features	in	the	landscape	feature	prominently	in	the	cultural	
heritage	of	the	region	(for	a	detailed	analysis	of	this	see	Knight	and	Harrison,	2013)	and	as	
such	places	like	Dartmoor	National	Park	and	the	West	Cornwall	World	Heritage	Site	are	
culturally	valued	locations.	The	existence	of	these	places	influenced	the	selection	of	the	
three	villages	chosen	for	survey.		
	
Another	important	aspect	of	the	geology	of	the	Westcountry	is	the	rock	and	mineral	
resources,	which	are	available	in	the	region.	Tin	and	copper	mining	have	been	pursued	over	
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hundreds	of	years	(Pirrie	et	al.,	2002;	Jackson	et	al.,	1989),	but	in	the	last	century	china	clay	
quarrying	has	taken	precedence	as	the	most	visible	form	of	geological	industry,	as	shown	in	
Figure	4.10	(Trower,	2011).	In	areas	where	china	clay	quarrying	takes	place,	usually	at	the	
metamorphosised	boundary	of	the	Cornubian	granite	batholiths,	can	also	frequently	be	
found	aggregate	quarries,	such	as	are	found	near	one	of	the	survey	locations:	Hemerdon	
and	Sparkwell.	In	addition	to	this	history	of	geological	industry,	Hemerdon	and	Sparkwell	
has	recently	become	the	site	of	the	fourth	largest	tungsten	mine	in	the	world	(Scrivener,	
2015).	This	meant	that	a	consideration	of	both	industrial	and	heritage	based	geology	was	
necessary	when	selecting	the	sites	for	survey.	
	
Figure	4.10	China	clay	quarry	at	Lee	Moor	on	Dartmoor	(Harper,	2001).	Permission	to	
reproduce	this	image	has	been	granted	through	Creative	Commons.	
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4.6.2	Selection	of	survey	sites	
The	first	location	selected	within	the	regional	area	of	Devon	and	Cornwall	was	the	village	of	
Hemerdon	in	Devon.	It	was	chosen	because	of	its	proximity	to	an	active	geological	industrial	
site,	including	several	aggregate	quarries,	an	old	china	clay	mine	and	the	recently	opened	
Drakelands	tungsten	mine	as	is	shown	in	Figure	4.11.	The	second	site	selected,	Carharrack	in	
Cornwall	has	a	different	geological	heritage	and	culture	profile	with	a	strong	historical	
association	with	geology,	but	limited	current	geological	industry,	with	the	exception	of	a	
potential	geothermal	project	which	lost	funding	at	the	beginning	of	2014	and	thus	the	
project	was	put	on	indefinite	hold.	The	cultural,	historical	and	industrial	profile	of	
Carharrack	is	shown	in	Figure	4.12.	
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Figure	4.11	Cultural,	historical	and	industrial	geological	profile	of	Sparkwell	and	Hemerdon	
parish.	Yellow	dots	indicate	the	location	of	the	survey	villages,	purple	areas	are	areas	of	
geological	heritage	or	history,	blue	areas	are	locations	of	current	geological	industry.	
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Figure	4.12	Cultural,	historical	and	industrial	geological	profile	of	Carharrack	parish.	Yellow	
dot	indicates	the	location	of	the	survey	village,	purple	areas	are	areas	of	geological	heritage	
or	history,	blue	areas	are	locations	of	current	geological	industry.	
	
As	the	parish	of	Carharrack	was	listed	as	having	a	population	of	1324	and	Hemerdon	falls	
within	Sparkwell	parish,	which	has	a	combined	population	with	the	village	of	Sparkwell	of	
1246,	it	was	decided	the	third	village	would	act	as	a	control	site	in	terms	of	the	influence	of	
local	knowledge	and	that	it	should	have	a	population	of	approximately	1200-1300	people,	
and	fulfill	the	requirements	of	a	control	by	not	having	any	obvious	cultural,	historical	or	
industrial	geological	presence	for	the	residents.	In	order	to	decide	the	final	site,	all	villages	
of	approximately	the	correct	location	by	proximity	to	geological	sites	(historical,	cultural	or	
industrial)	were	listed	and	examined	for	population.	Due	to	the	proliferation	of	historical	
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geological	sites	in	Cornwall,	no	Cornish	villages	were	shortlisted,	but	villages	from	west	
Dorset,	west	Somerset	and	across	Devon	were	considered.	The	shortlisted	areas	were	then	
assessed	by	population	size	and	the	most	similar	in	size	to	the	two	preselected	sites	of	
Sparkwell/Hemerdon	and	Carharrack	were	examined	in	further	detail.	
	
From	this	assessment,	five	villages	generally	met	the	criteria.	Upon	closer	examination,	Beer	
and	South	Tawton	were	ruled	out	as	they	had	a	stronger	connection	to	cultural	geology	than	
was	previously	recognized.	Beer	is	actually	located	within	the	UNESCO	Jurassic	Coast	World	
Heritage	Site	and	South	Tawton	lies	just	within	the	Dartmoor	National	Park.	The	social	
demographics	of	the	three	remaining	villages	were	then	examined	using	data	from	the	2011	
Census	and	the	one	found	to	have	the	strongest	similarities	in	terms	of	welfare,	
employment	and	age	distribution	as	is	shown	in	Figures	4.13	and	4.14,	and	Table	4.1	(Office	
of	National	Statistics,	2011)	was	Chulmleigh.	
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Figure	4.13	Figure	demonstrating	the	similarities	of	resident	age	distribution	of	three	
villages	selected	for	survey,	by	percentage	(Office	of	National	Statistics,	2011).	
Figure	4.14	Figure	demonstrating	similarities	of	welfare	distribution	of	residents	of	three	
selected	villages	claiming	support,	by	percentage	(Office	of	National	Statistics,	2011).	
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	 Sparkwell	 Carharrack	 Chulmleigh	
All	people	 1246	 1324	 1308	
All	males	 623	 636	 639	
All	females	 623	 688	 669	
People	living	in	households	 1244	 1324	 1303	
People	living	in	communal	establishments	 3	 0	 5	
People	aged	0-4	 53	 62	 57	
People	aged	5-15	 182	 173	 165	
People	aged	16-24	 90	 108	 92	
People	aged	25-44	 352	 302	 286	
People	aged	45-64	 360	 430	 413	
People	aged	65-74	 134	 120	 153	
People	aged	75	and	over	 75	 129	 142	
Mean	age	of	population	in	the	area	 40.59	 43	 44.36	
Median	age	of	population	in	the	area	 41	 45	 48	
All	people	with	a	limiting	long-term	illness	 238	 302	 199	
All	people	whose	health	was	good	 874	 841	 908	
All	people	providing	unpaid	care	 122	 175	 131	
Table	4.1	Table	showing	data	from	2011	census	providing	age	and	family	status	of	residents	
of	three	selected	parishes	(Office	of	National	Statistics,	2011).	
	
After	Chulmleigh	was	selected	as	the	control	site,	a	desk	study	was	completed	to	ensure	
that	the	influence	from	historical,	cultural	or	industrial	geology	was	minimal.	It	was	found	
that	with	the	exception	of	a	closed	quarry	on	a	farm	that,	due	to	size	was	likely	only	utilised	
by	the	landowner	for	private	use,	there	were	no	discernible	geological	sites	in	the	study	
area,	as	is	shown	in	Figure	4.15.	
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Figure	4.15	Cultural,	historical	and	industrial	geological	profile	of	Chulmleigh	parish.	Yellow	
dot	indicates	the	location	of	the	survey	village,	purple	areas	are	areas	of	geological	heritage	
or	history,	blue	areas	are	locations	of	current	geological	industry;	of	which	none	is	present	
in	this	location.	
	
4.7	Selection	of	quantitative	and	qualitative	participants	
For	this	study	the	process	of	data	collection	was	split	into	two	sections,	as	is	described	by	
Morgan	et	al.	(2002).	The	first	section	was	the	qualitative,	semi-structured	interviews	and	
the	second	section	was	the	quantitative,	postal	survey.	For	the	first	part	of	the	study,	the	
qualitative	section,	the	sample	incorporated	both	expert	and	non-expert	interviews.	Six	
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interviews	with	experts	(individuals	with	considerable	experience	either	in	the	academic	or	
industrial	side	of	geology	local	to	the	area	under	survey)	were	conducted	as	well	as	a	
literature	review	of	data	relevant	to	a	non-expert’s	understanding	of	the	subsurface.	Non-
expert	participants	were	selected	using	a	‘snowball’	method	(Forrester,	2010)	after	initial	
contact	with	parish	councils	was	made	to	establish	local	awareness	of	the	study	and	paper	
adverts	were	placed	in	prominent	locations	around	each	village.		
	
4.7.1	Data	collection	and	analysis	procedures	
A	total	of	29	interviews	were	conducted	across	the	three	sites.	The	names	of	all	interview	
participants,	expert	and	non-expert	have	been	anonymised	and	replaced	with	fictitious	
pseudonyms,	in	line	with	the	ethical	approval	granted	by	of	Plymouth	University	Science	
and	Technology	Ethical	Committee	(available	in	Appendix	1).	The	interviews	were	conducted	
between	January	and	September	2014.	During	the	time	of	the	initial	interviews	the	UK	was	
experiencing	unusually	severe	winter	storms	that	resulted	in	damage	to	key	infrastructure	
across	the	southwest	(e.g.	disruption	of	main	Devon-Cornwall	rail	line	at	Dawlish),	extensive	
flooding	and	some	loss	of	life.	This	high-profile	flooding	may	have	influenced	the	content	of	
the	interviews,	especially	those	conducted	between	January	and	March	2014.	
	
As	the	interviews	were	completed	they	were	transcribed,	both	by	a	third	party	transcription	
service	and	by	the	researcher,	and	were	analysed	using	a	constant	comparison	method,	
developed	by	Glaser	and	Strauss	(1965).	The	constant	comparison	method	involves	
identifying	emergent	themes	in	each	data	set,	which	are	then	cross	compared	with	each	
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subsequent	data	set	to	ensure	that	they	are	representative	of	the	whole	sample	(Atchison	
and	Feig,	2011).	It	was	chosen	for	this	study	because	it	provides	a	measure	of	reliability	in	
the	analysis,	as	it	causes	the	researcher	to	constantly	reflect	and	reanalyse	the	data.	This	
reduces	the	chance	for	researcher	bias	to	be	introduced	as	the	data	is	under	constant	
review	(Bryman,	2015).	This	method	was	used	across	all	interview	data,	beginning	with	the	
expert	data.	The	themes	identified	in	the	expert	data,	which	will	be	fully	detailed	in	Chapter	
5,	were	used	as	frames	to	analyse	the	non-expert	data	as	is	instructed	in	Morgan	et	al.	
(2002).	The	video	recordings	of	participant	interactions	with	the	cubes	were	analysed	for	
apparent	themes	using	the	same	method	as	the	interview	data.	The	various	stages	of	the	
annotation	of	the	cube	were	transcribed	and	applied	to	a	photograph	taken	of	the	complete	
annotation	(the	full	complement	of	transcriptions	and	images	from	the	semi-structured	
interviews	are	provided	in	Appendix	2).	Once	the	models	had	been	constructed	they	were	
used	to	create	the	questionnaires	for	the	second	part	of	the	study.	As	that	data	is	wholly	
dependent	on	the	results	from	the	first	stage	of	data	collection	(interviews)	the	design	of	
the	questionnaires	will	be	discussed	in	more	detail	in	Chapter	6.	
	
The	questionnaire	was	distributed	by	post	to	all	households	(5214)	in	the	target	areas	
identified	by	postcode	around	the	three	selected	villages	of	Carharrack,	
Hemerdon/Sparkwell	and	Chulmleigh	during	September	2015,	with	a	total	response	rate	of	
228	(4.37%)	both	online	and	through	the	mail.	The	questionnaire	results	were	correlated	
and	then	statistically	analysed	using	appropriate	methods	that	will	be	discussed	further	in	
Chapter	6.	The	results	of	the	questionnaire	analysis	were	then	compared	with	the	original	
data	collected	during	the	first	stage	of	data	collection,	the	interviews,	to	ascertain	if	the	
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assumptions	found	during	the	first	stage	analysis	were	true	of	a	broader	population	sample	
or	not.	The	results	of	this	comparison	will	be	discussed	further	in	Chapter	7.		
	
4.7.2	Selection	of	participants	for	qualitative	semi-structured	interviews	
	In	order	to	recruit	participants	from	each	of	the	villages,	an	initial	meeting	was	organised	
with	the	Parish	Councils,	to	discuss	the	proposed	research,	gain	support	for	the	research	
from	socially	active	members	of	the	village,	local	business	leaders	and	the	Parish	Councillor.	
During	these	meetings,	the	researcher	identified	ways	that	the	interviews	would	be	
advertised	and	what	were	the	necessary	criteria	for	participation.	Some	attendees	of	the	
Parish	Council	meetings	volunteered	to	take	part	on	the	day	of	the	meeting	and	by	posting	
participation	request	advertisements	on	local	notice	boards,	in	local	shops,	pubs	and	in	
community	halls,	a	total	of	29	participants	were	interviewed.		
	
Some	locations	were	easier	to	recruit	participants	in	than	others.	Carharrack	was	the	easiest	
location	to	recruit	in,	as	participants	often	encouraged	friends	and	family	members	to	take	
part,	leading	to	a	snowball	recruitment.	Hemerdon	and	Sparkwell	achieved	an	even	divide	
of	participants	between	the	two	villages,	but	although	redundancy	was	achieved	in	the	
interviews	and	a	reasonable	representation	of	the	parish	demographics	was	attained,	it	was	
more	difficult	to	find	participants	for	the	interviews	in	Hemerdon	and	Sparkwell	than	it	had	
been	in	Carharrack.	This	is	possibly	because	during	the	course	of	the	interviews	a	series	of	
public	consultations	was	also	happening	for	the	installation	of	a	new	tailings	dam	at	the	
Drakelands	mine	site,	which	at	the	time,	was	not	yet	operational.	Because	of	this,	residents	
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of	Hemerdon	and	Sparkwell	could	have	been	experiencing	participant	fatigue	(Jones	and	
Murphy	2010).		Chulmleigh,	however,	was	the	most	difficult	location	to	recruit	in,	possibly	
because	the	residents	of	Chulmleigh	did	not	have	the	same	connection	with	the	geological	
issues	as	the	locations	elsewhere	in	Devon	and	Cornwall	and	so	were	less	concerned	with	
geology	than	other	pressing	societal	needs.	After	two	phases	of	recruitment	the	required	
redundancy	was	accomplished,	although	there	was	less	diversity	within	this	group	than	the	
other	two	survey	sites.	All	participants	were	offered	a	£10	gift	voucher	from	a	concession	of	
their	choice	as	an	incentive	to	take	part.	
	
As	was	stated	in	the	participation	request	posted	in	the	villages,	all	participants	of	the	
interviews	lived	in	the	local	area,	either	in	the	village	itself,	or	close	enough	that	the	village	
was	their	nearest	community	centre.	A	description	of	the	demographics	of	all	the	
participants	is	provided	in	Table	4.2.	In	order	to	preserve	the	participants’	anonymity,	
pseudonyms	have	been	used	in	place	of	the	participants’	true	names.	Recruitment	ceased	
when	redundancy	in	answers	was	found	in	the	interview	responses	and	the	demographic	
was	broadly	matched.	
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Location	 Participant	pseudonym	 Gender	 Employment	
Highest	level	of	
education	 Age	
Length	of	time	
resident	in	village	
Carharrack	
Kara	 Female	 Retired	 PhD	 50+	 65	years	
Kenneth	 Male	 Retired	 University	degree	 50+	 11	years	
Kelsi	 Female	 Full	Time	employed	 GCSEs	 30-50	 4	years	
Kim	 Female	 Retired	 Technical	college	 50+	 8	years	
Keith	 Male	 Unemployed	 A-Levels	 30-50	 1	year	(but	30+	years	in	region)	
Katie	 Female	 Full	Time	Parent	 College	 18-30	 28	years	
Katrina	 Female	 Retired	 Compulsory	education	 50+	 40	years	
Kathy	 Female	 Part-time	employed	 GCSEs	 50+	 50	years	
Kieran	 Male	 Retired	 Compulsory	education	 50+	 50	years	
Kevin	 Male	 Full	time	employed	 PhD	 50+	 27	years	
Kyle	 Male	 Full	time	employed	 A	levels	 30-50	 12	years	
Kimberley	 Female	 Full	time	employed	 University	degree	 30-50	 10	years	
Hemerdon	
and	
Sparkwell	
Henry	 Male	 Full	time	employed	 A	levels	 50+	 16	years	
Harold	 Male	 Retired	 University	degree	 50+	 15	years	
Hugh	 Male	 Retired	 City	and	guilds	qualification	 50+	 54	years	
Hannah	 Female	 Full	time	employed	 Diploma	 50+	 17	years	
Holly	 Female	 Full	time	employed	 University	degree	 30-50	 2	years	
Heather	 Female	 Part	time	employed	 Masters	level	degree	 30-50	 2	years	
Howard	 Male	 Retired	 Compulsory	education	 50+	 53	years	
Hillary	 Female	 Full	time	student	 University	degree	 18-30	 22	years	
Chulmleigh	
Chloe	 Female	 Full	time	employed	
Specialist	college	
(university	
equivalent)	
50+	 38	years	
Christie	 Female	 Full	time	self	employed	 A	levels	 50+	 17	years	
Charles	 Male	 Part	time	employed	 Foundation	degree	 50+	 14	years	
Chelsea	 Female	 Full	time	employed	 University	degree	 30-50	 15	years	
Christian	 Male	 Full	time	employed	 Masters	level	 18-30	 28	years	
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degree	
Charlotte	 Female	 Part	time	employed	 Foundation	degree	 50+	 37	years	
Channing	 Male	 Full	time	employed	 Compulsory	education	 50+	 63	years	
Christopher	 Male	 Part	time	employed	 A	levels	 50+	 32	years	
Chester	 Male	 Retired	 Technical	college	 50+	 28	years	
Table	4.2	A	table	to	identify	demographic	details,	as	described	during	the	interview	for	the	
participants	of	all	the	villages.	All	potentially	identifying	details	have	been	removed,	but	all	
definitions	remain	as	stated	by	the	participants.	
	
The	interviews	were	conducted	either	in	a	room	in	the	Parish	or	Community	Hall,	or	a	spare	
room	in	the	Parish	Church.	Due	to	mobility	issues,	several	participants	requested	to	be	
interviewed	in	their	home,	and	a	room	was	provided	with	similar	conditions	to	the	other	
interviews.	The	interviews	lasted	on	average	38	minutes;	with	the	longest	87	minutes	and	
the	shortest	20	minutes.	
	
4.7.3	Selection	of	participants	for	quantitative	questionnaires	
For	the	second	quantitative	stage	of	data	collection	the	questionnaire	was	both	posted	
online	and	sent	as	a	mail	shot	to	all	residential	houses	within	the	postcodes	identified	as	
part	of	the	Parish	boundaries.	As	the	initial	response	to	the	questionnaires	was	low,	a	
second	push	was	sent	out	for	participants	by	emailing	the	interview	participants	(where	
possible)	and	the	parish	councils,	and	requesting	for	the	link	to	the	questionnaire	to	be	put	
into	the	local	newsletters.	Unfortunately	despite	these	attempts	the	final	response	rate	to	
the	questionnaire	remained	fairly	low,	but	this	will	be	addressed	in	Chapter	6.	
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In	Carharrack	the	postal	questionnaire	was	distributed	to	all	residents	within	the	postcode	
area	TR16,	section	5,	which	included	2444	households.	There	were	78	respondents,	of	which	
the	majority	were:	female	(65.4%);	had	reached	a	postgraduate	level	of	education	as	their	
highest	level	of	education	(35.9%);	were	retired	(43.6%);	had	an	average	age	of	55;	and	had	
lived	in	the	area	for	an	average	of	29	years.	In	Hemerdon	and	Sparkwell	the	postal	
questionnaire	was	distributed	to	all	residents	within	the	postcode	area	PL7,	section	5,	which	
included	1299	households.	There	were	74	respondents	of	which	the	majority	were:	female	
(52.7%);	had	reached	postgraduate	education	as	their	highest	level	of	education	(23.6%);	
were	retired	(44.6%);	had	an	average	age	of	56;	and	had	lived	in	the	area	for	an	average	of	
39	years.	In	Chulmleigh	the	postal	questionnaire	was	distributed	to	all	residents	within	the	
postcode	area	EX18,	section	7,	which	included	1470	households.	There	were	75	respondents	
from	Chulmleigh,	of	whom	there	was:	an	equal	balance	of	male	and	female	respondents	
(49.3%);	the	majority	had	reached	college	as	their	highest	level	of	education	(28%);	were	
retired	(53.3%);	had	an	average	age	of	61;	and	had	lived	in	the	area	for	an	average	of	34	
years.		A	full	break	down	of	the	demographics	are	provided	in	Table	4.3.	
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Location	 	
Carharrack	 gender	 male	 female	 other	 	
28.2	 65.4	 6.4	
education	 compulsory	 college	 under-	
graduate	
post-	
graduate	
other	 	
11.5	 25.6	 21.8	 35.9	 5.1	
employment	 Full-time	
employed	
Part-time	
employed	
In	education	 unemployed	 retired	 other	
26.9	 16.7	 3.8	 3.8	 43.6	 5.1	
Hemerdon	
and	
Sparkwell	
gender	 male	 female	 other	 	
47.3	 52.7	 0.0	
education	 compulsory	 college	 undergraduate	 postgraduate	 other	 	
20.8	 29.2	 20.8	 23.6	 5.6	
employment	 Full-time	
employed	
Part-time	
employed	
In	education	 unemployed	 retired	 other	
27.0	 20.3	 2.7	 1.4	 44.6	 4.1	
Chulmleigh	 gender	 male	 female	 other	 	
49.3	 49.3	 1.3	
education	 compulsory	 college	 undergraduate	 postgraduate	 other	 	
17.3	 28	 25.3	 20	 9.3	
employment	 Full-time	
employed	
Part-time	
employed	
In	education	 unemployed	 retired	 other	
25.3	 13.3	 2.7	 2.7	 53.3	 2.7	
Table	4.3	A	table	displayed	the	demographics	of	respondents	from	the	questionnaire	
participants	shown	in	percentages.		
	
4.8	Research	plan	
In	order	to	draw	all	these	aspects	together	a	research	plan	was	conceived	that	utilised	the	
different	aspects	of	the	mixed	methods	approach	as	detailed	in	the	mental	models	method	
described	by	Morgan	et	al.	(2002).	The	data	collection	consisted	of	two	stages,	the	
qualitative	and	the	quantitative.	The	qualitative	stage	was	constructed	of	three	parts.		
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1. A	literature	review	to	construct	the	initial	expert	mental	model	of	geoscience		
2. A	series	of	semi-structured	interviews	with	both	expert	and	non-expert	participants		
3. 3D	participatory	method	during	interviews	
Once	all	the	data	from	the	literature	review	and	interviews	was	collected	it	was	analysed,	
exploring	both	emergent	and	imposed	themes.	The	results	of	this	stage	were	used	to	
construct	the	mental	models	of	the	public’s	perception	of	the	geological	subsurface.	As	the	
thematic	data	analysis	method	and	mental	models	approach	were	deeply	integrated	with	
the	data	that	was	collected,	they	will	be	more	fully	described	in	Chapter	5.	The	quantitative	
data	collection	stage	was	conducted	by	writing	a	questionnaire	based	on	the	results	of	the	
mental	models,	to	test	their	prevalence	in	a	broader	sample.	The	questionnaire	was	
distributed	to	the	residents	of	the	survey	sites.	The	analysis	of	the	questionnaire	data	was	
dependent	on	the	mental	models	data	and	so	will	be	detailed	fully	in	Chapter	6	for	the	
quantitative	data.		
	
4.8.1	Ethics	
When	completing	any	research	involving	social	or	psychological	data	it	is	necessary	to	
undertake	an	assessment	of	the	ethical	considerations	(Bryman,	2015).	An	ethical	
assessment	ensures	that	not	only	are	the	participants	protected	from	harm,	but	also	the	
researcher	is	protected	as	well.	In	accordance	with	Plymouth	University’s	ethical	
procedures,	an	ethical	assessment	of	this	project	was	undertaken	and	permission	for	the	
project	was	given	under	a	thematic	ethical	approval	(see	Appendix	1).	As	the	study	did	not	
require	the	participation	of	children	or	vulnerable	adults,	and	the	study	involved	discussions	
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surrounding	the	topic	of	geoscience	from	a	participant-led	perspective,	it	was	assigned	as	
low	risk	to	both	participant	and	researcher.		
	
All	data	collected	was	anonymised	and	securely	stored	in	compliance	with	Data	Protection	
guidelines,	and	participants	were	given	both	an	information	sheet	before	both	the	
interviews	and	questionnaires	and	a	follow	up	sheet	(unless	refused)	after	the	study,	which	
had	contact	information	in	case	any	post-participation	assistance	was	required.	During	the	
filming	of	the	use	of	the	cube,	care	was	taken	to	prevent	the	participants’	faces	or	
identifying	features	to	be	recorded,	and	all	participant	names	were	replaced	with	
pseudonyms	for	the	purposes	of	publishing	excerpts	and	quotes	from	the	data.	Additionally	
any	identifying	names,	relationships	or	discussions	were	removed	from	the	published	data,	
as	far	as	was	possible	whilst	still	remaining	true	to	the	voice	of	the	participant.	This	practice	
was	also	used	during	the	first	stage	of	designing	the	semi-structured	interviews:	the	
implementation	of	the	pilot	interviews.	
	
4.8.2	Locating	the	researcher	
In	geological	research,	despite	the	influences	discussed	in	earlier	chapters	of	the	historical	
and	observational	nature	on	the	science	(Frodeman,	1995),	researchers	often	take	a	purely	
positivist	view	of	their	place	in	the	research	and	fail	to	appreciate	any	inherent	bias.	As	an	
interdisciplinary	study	drawing	much	influence	from	cognitive	and	science	communication	
research,	it	is	necessary	to	locate	the	researcher	in	the	context	of	the	study	to	acknowledge	
the	bias	introduced	(Feig,	2011).	The	researcher	in	the	present	programme	of	work	trained	
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and	has	worked	as	a	geologist,	with	a	research	specialism	in	volcanic	risk	analysis	and	
industry	experience	as	an	Engineering	Geologist	with	a	geotechnical	engineering	company.	
The	researcher	then	moved	into	a	public	engagement	role	with	the	Mount	St	Helens	
National	Volcanic	Monument	and	subsequently	a	public	engagement	and	education	role	at	
the	Natural	History	Museum	in	London,	specializing	in	Earth	Science	communication.	
Therefore,	the	researcher	tends	towards	the	expert	perception	of	the	geological	subsurface	
as	a	result	of	educational	and	employment	history,	but	has	modified	that	bias	through	
experience	of	communicating	with	a	diverse	selection	of	the	public.		
	
This	background	places	the	researcher	in	the	role	of	‘researcher-observer’	(Feig,	2011,	page	
6),	where	the	researcher	collects	data	from	the	participants	in	either	an	active	or	passive	
way,	without	attempting	to	apply	conditions	to	that	data.	This	position	requires	the	
researcher	to	question	their	influence	on	the	data	collected	and	how	appropriate	their	
chosen	methods	are	(Stokes,	2011).	
	
4.9	Pilot	interviews	
Having	selected	the	survey	sites	according	to	the	outlined	rationale	and	following	the	
construction	of	the	research	plan,	the	next	step	was	to	design	the	semi-structured	
interviews	for	the	qualitative	section	of	the	data	collection.	Although	a	large	portion	of	the	
design	of	the	interviews	was	based	on	the	results	gathered	during	the	expert	literature	
analysis,	which	shall	be	further	explained	in	the	next	chapter,	it	was	also	necessary	to	test	
the	combined	mental	models,	semi-structured	interview	and	3D	participatory	mapping	
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method	selected	for	the	study.	In	order	to	do	that,	a	series	of	pilot	interviews	were	
conducted	using	student	volunteers	from	Plymouth	University	geology	department.	Student	
volunteers	who	had	been	resident	in	the	UK	for	at	least	3	years	prior	to	attending	university	
and	for	whom	English	was	a	first	language,	were	selected	from	the	first	year	class	of	BSc	or	
MGeol	Geology	and	BSc	Physical	Geography	and	Geology	students	in	2013.	Before	the	pilot	
interviews	took	place,	an	interview	protocol	was	written	(available	in	Chapter	5)	and	
approved	by	the	ethics	committee	at	Plymouth	University.	The	pilot	interviews	consisted	of	
an	approximately	20	–	40	minute	interview	about	thoughts	about	geology	and	the	
geological	subsurface	conducted	using	a	conversational	style	(Ongena	and	Dijkstra,	2007).	
As	the	pilot	study	was	not	focusing	on	a	particular	area	in	the	UK	a	national	3D	participatory	
cube	was	constructed	to	allow	the	participant	to	discuss	their	local	geology,	wherever	they	
came	from	in	the	UK.	The	interviews	were	recorded	using	video	and	audio,	and	these	
recordings	were	assessed	after	the	interviews	to	ascertain	any	potential	barriers	to	
engagement.		
	
Interestingly,	one	of	the	most	obvious	barriers	came	from	using	the	cubes,	as	some	
participants	were	hesitant	to	draw	on	the	cube	–	fearing	an	error.	A	simple	solution	to	this	
was	to	provide	some	unlabelled	stickers	with	images	that	could	be	interpreted	as	many	
different	materials,	to	prompt	participants’	use	of	the	model.	In	the	final	pilot	interview	
these	stickers	were	successful	in	overcoming	any	initial	reluctance	to	apply	the	individual’s	
mental	model	to	the	cube.	Although	this	could	be	argued	to	be	information	that	stimulates	
an	idea	not	held	by	the	participant	(Bryman,	2015)	the	researcher	used	terms	identified	in	
the	initial	pilot	study	as	described	in	Chapter	1.	Because	all	these	terms	were	provided	by	
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participants	in	the	pilot	study,	it	is	reasonable	to	assume	that	they	are	terms	that	are	
familiar	enough	to	a	majority	of	participants	that	they	will	not	provide	an	unreasonable	
stimulation.	Also	the	images	chosen	to	represent	those	terms	were	fairly	ambiguous	and	no	
identification	was	offered	to	the	participants,	so	that	they	were	more	likely	to	use	the	
stickers	to	describe	a	pre-existing	conception.	
	
A	second	barrier	was	the	scale	of	the	UK	cube.	Initial	designs	for	the	use	of	the	3D	
participatory	cube	had	planned	to	use	both	a	locally	specific	cube	(of	the	village	and	
surrounding	area)	and	a	national	cube,	to	provide	additional	opportunities	for	discussion.	
However,	the	scale	of	the	UK	cube	led	to	participants	expressing	a	lack	of	confidence	in	their	
own	ideas	and	a	withdrawal	from	participation.	The	most	success	with	the	3D	depth	
element	of	the	UK	cube	was	used	when	the	participants	were	encouraged	to	visualise	just	a	
small	section	of	the	subsurface	and	depict	that,	although	some	students	did	attempt	to	
depict	the	whole	of	the	UK,	with	interesting	results,	as	can	be	seen	in	Figure	4.16.	
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Figure	4.16	Student	depiction	of	geological	subsurface	on	UK	3D	participatory	model	during	
pilot	interviews.	This	photo	demonstrates	the	difficulties	that	first	year	students	had	with	
representing	a	conceptual	model	for	the	geological	subsurface	of	the	UK,	indicating	that	this	
scale	of	model	would	be	unsuitable	for	use	with	a	non-expert	participant.	
	
As	a	result	the	pilot	interviews	with	the	students	were	able	to	identify	potential	issues,	
particularly	with	using	the	cubes	and	how	to	accommodate	those	issues	without	providing	
undue	influence	on	participant	perceptions.	It	also	allowed	the	research	to	trial	the	
interview	protocol	(which	will	be	described	in	detail	in	Chapter	5)	and	gain	some	experience	
with	the	process	of	semi-structured	interviewing.	
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4.10	Summary	
This	chapter	has	examined	the	methods	that	were	used	during	the	research	project	and	has	
looked	at	the	reasoning	for	choosing	a	mixed	methods	approach.	It	has	also	addressed	how	
the	mental	models	approach	incorporates	different	aspects	of	both	qualitative	and	
quantitative	data	in	order	to	integrate	emerging	concepts	that	are	held	by	both	expert	and	
non-expert	participants.	The	issue	of	unfamiliarity	in	communicating	geoscience	concepts	
and	the	difficulty	in	expressing	those	unfamiliar	concepts	verbally	was	addressed	with	the	
inclusion	of	the	3D	participatory	mapping	method.	The	process	of	the	pilot	studies	and	an	
overview	of	the	data	collection	and	analysis	was	described,	but	as	much	of	the	methodology	
developed	in	concert	with	the	data	collection,	the	method	will	continue	to	be	detailed	in	the	
next	two	chapters,	which	will	outline	both	the	qualitative	and	quantitative	data	collection.	
In	the	next	chapter	results	from	the	qualitative	data	collection	will	be	described	and	the	
results	from	the	semi-structured	interviews	and	expert	literature	analysis	will	be	presented.	
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Chapter	5	Constructing	the	Mental	Models	
	
5.1	Introduction	
This	chapter	will	discuss	the	results	from	the	first	stage	of	data	collection:	the	qualitative	
semi-structured	interviews	conducted	with	experts	and	non-experts.	These	interviews	were	
used	to	collect	participant-driven	data	on	perceptions	of	the	geological	subsurface	in	the	
context	of	three	selected	locations	in	the	United	Kingdom:	Carharrack,	Cornwall;	
Hemerdon/Sparkwell,	Devon;	and	Chulmleigh,	Devon.		The	importance	of	participant-driven	
data	is	that	it	encourages	the	elicitation	of	vital	information	from	both	expert	and	non-
expert	perspectives	with	minimal	influence	from	the	researcher.	As	mentioned	in	the	
previous	chapter,	this	approach	follows	Morgan	et	al.’s	(2002)	approach	of	constructing	
mental	models	to	assess	participant’s	perception	of	risk,	applied	in	this	research	to	their	
perception	of	the	geological	subsurface.	This	chapter	will	demonstrate	the	construction	of	
the	expert	mental	model,	as	developed	from	a	combination	of	literature	review	and	expert	
interviews.	Then	it	will	present	data	from	the	non-expert	interviews	collected	with	the	3D	
participatory	cubes	used	in	each	of	the	three	sites	that	contributed	to	the	construction	of	
the	location-specific	mental	models.	Finally	it	will	show	the	combined	public	mental	model,	
achieved	by	merging	the	three	location-specific	models	to	create	a	generalised	model	from	
which	a	survey	questionnaire	was	designed	to	complete	the	second	stage	of	data	collection.	
This	questionnaire	forms	the	second	stage	of	data	collection,	which	will	be	discussed	in	
Chapter	6.	
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5.2	Expert	interviews	and	construction	of	the	expert	model	
5.2.1	Literature	analysis		
In	developing	the	mental	models,	the	first	stage	is	to	construct	a	model	of	the	expert	
perception	of	the	issue	using	the	literature.	In	this	case,	as	the	subject	was	broadly	geology		
and	more	specifically	the	geological	subsurface,	the	literature	was	drawn	from	the	recent	
literacy	principles	of	the	Earth	Science	Literacy	Initiative	(ESLI)	as	discussed	in	Chapter	3.	The	
nine	principles	of	the	ESLI	were	identified	as	the	central	concepts	necessary	for	
understanding	geoscience.		These	so	called	‘Big	Ideas’		(Earth	Science	Literacy	Initiative,	
2009,	page	2)	as	outlined	in	Figure	5.1	represent	concepts	that	the	designers	of	the	
Principles	deem	necessary	for	an	individual	to	be	considered	geologically	literate.	Even	
when	summarised	the	Earth	Science	Literacy	Principles	represent	a	level	of	geological	
knowledge	that	is	both	complex	and	detailed.	It	is	stated	in	Wyession	et	al.	(2012)	that	in	
order	for	the	individual	to	be	considered	geologically	literate	they	do	not	have	to	
comprehend	the	full	complexity	of	each	Big	Idea,	but	to	have	a	basic	understanding	of	it.	It	
could	be	said	that	in	order	for	the	person	to	be	considered	geologically	literate	the	concepts	
represented	by	the	Big	Ideas	would	just	have	to	be	present	in	their	mental	model,	which	
allows	for	different	levels	of	detail	to	be	associated	with	different	expertise.	As	the	topics	
listed	in	the	ESLI	principles	cover	the	entire	subject	of	geology	it	was	decided	that,	for	the	
purposes	of	this	study,	the	presence	of	any	aspect	of	a	Big	Idea	within	a	mental	model	was	
sufficient	to	demonstrate	literacy.	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	5.1.	The	nine	Big	Ideas,	with	associated	concepts	identified	by	the	ESLI	as	being	necessary	to	constitute	an	individual	being	geoscience	
literate	(Earth	Science	Literacy	Initiative,	2009,	page	2).	
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Davies	(2008),	however,	believes	the	ESLI	principles	represent	the	expert’s	opinion	on	what	
the	public	needs	to	know	in	order	to	be	considered	the	equivalent	to	an	expert.	This	reveals	
an	imbalance	between	the	information	that	the	expert	believes	a	non-expert	needs	in	order	
to	gain	expertise,	and	the	information	a	non-expert	believes	that	they	need,	representing	a	
traditional	top-down	approach	to	literacy.	In	order	to	redress	this	imbalance	of	using	only	
data	generated	by	what	the	expert	considers	necessary	knowledge,	it	was	decided	to	
incorporate	data	from	an	undergraduate	geology	textbook;	specifically	an	introductory	text	
that	covers	a	broad	range	of	topics.	The	reasoning	for	this	choice	was	that	an	undergraduate	
introductory	textbook	represents	the	level	of	understanding	needed	to	take	an	individual	
who	could	be	considered	a	non-expert	(pre-university	training)	and	making	them	an	expert	
(engaged	in	advanced	training).	While	there	are	arguments	for	when	a	non-expert	becomes	
an	expert	(Dressen-Hammouda,	2008),	including	gradations	of	the	expert	student	to	expert	
professional,	entering	into	advanced	training	is	generally	considered	to	be	an	accepted	
transition	point	(Lajoie,	2003).		
	
In	order	to	select	the	most	appropriate	textbook,	the	required	reading	lists	from	thirteen	
universities	in	the	UK	that	offered	a	BSc	in	Geology	or	Applied	Geology	(sometimes	also	
listed	as	an	MGeol	in	Geology)	were	accessed.		Nine	of	those	universities	published	the	first	
year	reading	requirements	or	a	recommended	text	for	the	course	and	of	those	nine	
universities,	seven	identified	Marshak’s	‘Earth:	Portrait	of	a	Planet’	(2011)	as	is	show	in	
Table	5.1.	As	such	this	textbook	was	the	one	selected	for	incorporation	into	the	literature	
mental	model.	The	text	was	analysed	by	examining	the	topics	covered	in	the	textbook	and	
aligning	them	to	the	topics	in	the	ESLI	principles,	or	adding	them	if	they	were	distinct	from	
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those	previously	identified.	A	full	list	of	these	topics	can	be	found	in	Appendix	3.	Where	
topics	were	repeated	they	were	given	greater	importance,	demonstrated	in	Figure	5.2	by	
using	a	bolder	font	and	thicker	lines.	These	repeated	concepts	are	considered	to	be	central	
or	important	concepts	as	identified	in	Morgan	et	al.	(2002).
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University	
geology	
programme	
(BSc	Geology	or	
Applied	Geology)	
Grotzinger,	J.	
Jordan,	T.H.	Press,	F.	
&	Siever	R.	(2010)	
Understanding	
Earth	(6th	edition)	
Marshak	S.	
(2011)	Earth:	
Portrait	of	a	
Planet	
(4th	edition)	
Henderson,	P.	&	
Henderson,	G.M.	
(2009)	
The	Cambridge	
Handbook	of	
Earth	Science	
Data	
Park,	G.	(2006)	
Introducing	Geology	
Birkbeck	 x	 	 	 	
Birmingham	 No	data	published	online	
Bristol	 x	 x	 x	 	
Durham	 No	data	published	online	
Exeter	 	 x	 	 	
Keele	 x	 	 	 	
Leeds	 x	 x	 	 x	
Leicester	 	 x	 	 	
Liverpool	 No	data	published	online	
Oxford	 No	data	published	online	
Plymouth	 	 x	 	 	
Southampton	 x	 x	 	 	
St	Andrews	 x	 x	 	 	
TOTAL	 6	 7	 1	 1	
Table	5.1	Table	demonstrating	prevalence	of	first	year	undergraduate	textbooks,	used	for	
general	geoscience	modules	by	universities	which	offer	BSc	Geology,	Applied	Geology	or	
MGeol	courses	whose	reading	lists	are	available	online.	
	
By	combining	the	concepts	included	in	the	textbook	analysis	with	the	modelling	of	the	ESLI	
ideas	as	is	shown	in	Figure	5.2,	a	representative	view	of	what	concepts	could	realistically	be	
anticipated	to	occur	in	an	expert	view	of	the	geological	subsurface	within	a	broader	
geological	context	can	be	made.	There	are	however,	two	problems	with	this	literature-
based	expert	model.	
		
Figure	5.2	Earth	Science	Literacy	Initiative	concepts	from	the	nine	Big	Ideas	combined	with	textbook	analysis,	modelled	as	an	inference	model,	with	arrows	highlighted	to	indicate	frequency	of	connection.	This	
diagram	shows	how	complex	this	model	is,	even	with	only	the	most	commonly	used	concepts	identified,	indicating	that	more	detailed	and	specific	information	is	necessary	to	clarify	the	expert	model	of	the	
subsurface.		
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Firstly,	the	model	itself	is	so	broad	and	inclusive	that	it	is	unrealistic	to	apply	it	within	the	
framework	of	Morgan	et	al.’s		(2002)	mental	model	approach.	By	using	this	type	of	literature	
based	model,	the	expert	opinion	will	always	be	more	advanced	and	comprehensive	than	
any	individual	could	realistically	achieve	within	the	constraints	of	data	collection.	Even	a	
geoscience	professional	with	years	of	experience	and	advanced	training	in	the	subject	would	
find	this	a	Sisyphean	task	within	a	semi-structured	interview	conducted	over	a	limited	time	
period	in	one	day.	In	that	respect,	the	model	is	so	strongly	biased	towards	the	impossibly	
comprehensive	knowledge	of	the	literature	that	it	would	disproportionally,	and	falsely,	
position	the	non-expert	as	ignorant	of	the	majority	of	issues	relevant	to	the	subject.	
	
The	second	issue	with	an	expert	model	that	is	purely	based	on	the	literature	is	that	it	
focuses	on	the	content	factor	of	science	literacy	neglecting	the	participants’	attitudes	to	the	
subject,	their	confidence	in	their	own	knowledge	and	other	social	aspects	of	geoscience	
literacy.		These	factors	comprise	the	other	aspects	of	geoscience	understanding,	that,	as	
described	in	Chapter	3,	are	considered	the	most	valuable	parts	of	geoscience	literacy	
(Stocklmayer	and	Bryant,	2012;	Wysession	et	al.,	2012).		The	Morgan	et	al.	(2002)	method	
suggests	constructing	the	expert	model	by	combining		a	literature	search	with	a		series	of	
expert	interviews,	which	would	provide	a	more	balanced	approach	to	perception	of	the	
geological	subsurface.	Initially	this	was	deemed	to	be	a	problematic	task	given	both	the	
broad	nature	of	the	subject	and	the	multiple	locations	that	were	the	target	of	the	non-
expert	surveys.	The	problems	of	applicability	and	relevance	raised	by	the	expert	model	
generated	only	from	the	literature	meant	that	the	question	of	conducting	expert	interviews	
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to	supplement	the	data	from	the	literature	was	revisited	and	despite	the	potential	
difficulties,	it	was	decided	to	conduct	six	expert	interviews.	
	
5.2.2	Expert	interviews	
Using	the	literature	based	expert	model	as	a	guide,	it	was	found	that	particular	dominance	
was	present	in	the	juxtaposition	of	the	human	use	of	geology,	both	in	the	use	of	resources	
and	research,	as	can	be	seen	in	Figure	5.2.	Other	key	areas	of	the	literature	based	model	
that	were	dominant	were:	the	processes	of	change,	particularly	those	relating	to	geological	
change	through	subsurface	processes;	and	locations	of	change,	whether	at	plate	boundaries	
or	dynamic	landscapes.		The	interactions	of	different	geological	spheres	and	the	importance	
of	weathering/erosion	were	also	highlighted	and	so	too,	to	a	lesser	extent,	was	the	
importance	of	water	in	the	environment	and	geological	hazards.	
	
These	prominent	topics	indicated	that	the	most	important	concepts	represented	a	blend	of	
topics	covered	by	academic	and	industrial	geoscientists.	As	a	result	it	was	decided	that	the	
experts	interviewed	should	represent	a	mix	of	these	two	professional	backgrounds.	In	
addition,	given	the	importance	of	location	in	the	design	of	this	study	as	described	in	Chapter	
4,	it	was	decided	to	first	approach		experts	who	were	extremely	familiar	with	the	locations	
under	study	for	either	personal	(residential)	or	professional	reasons.	Fortunately,	all	those	
expert	geoscientists	initially	approached	to	take	part	in	the	study	accepted	and	so	the	
geographic	relevance	of	the	expert	interviews	was	maintained.	The	demographics	and	
experience	of	those	expert	participants	is	demonstrated	in	Table	5.2.	At	this	point	it	is	
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necessary	to	acknowledge	that	those	experts	selected	for	participation	are	not	
representative	of	the	wider	geological	community.	All	the	expert	participants	were	white	
males,	over	50	years	of	age	and	all	but	one	participant	had	at	least	one	University	degree.	
	
Expert	
Participant	
Pseudonym	
Experience	–	
Academic	
Experience	–	
Industrial	 Ge
nd
er
	
Ag
e	 Location	
Ethan	
Lecturer	in	
mining	theory	
and	practice	
17	years	as	miner	in	a	Cornish	mine	 Male	 50+	 Lanner,	Cornwall	
Eric	 	
40	years	experience	in	geothermal	and	
petroleum	geology,	involved	with	plans	for	
geothermal	mine	at	United	Downs.	
Male	 50+	Falmouth,	Cornwall	
Elliot	
Lecturer	in	
geological	
mapping	and	
cartography	
Mining	exploration	experience	in	Australia	
and	Devon	 Male	 50+	
Plymouth,	
Devon	
Edmund	 	
Over	40	years	experience	as	mapping	and	
minerals	geologist,	consultant	to	Wolf	
Minerals.	
Male	 50+	 Crediton,	Devon	
Edgar	 	
Over	40	years	experience	as	British	
Geological	Survey	mapping	geologist,	part	
of	three-person	team	that	originally	
mapped	the	Okehampton	Geological	Map,	
which	covers	Chulmleigh.	
Male	 50+	Christow,	Devon	
Emmett	
Lecturer	in	
palaeontology	
and	
sedimentology	
Independent	geological	consultant	
focussing	on	heritage	and	conservation	 Male	 50+	
Crediton,	
Devon	
Table	5.2	A	breakdown	of	expert	participants	describing	experience,	age,	gender	and	
geographic	location.	
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These	experts	were	selected	because	they	combined	knowledge	of	the	geology	of	the	three	
selected	villages,	but	also	knowledge	about	the	dominant	topics	identified	in	the	literature	
based	model.	In	order	to	support	the	data	provided	in	the	literature	model	and	following	
the	method	outlined	in	Chapter	4,	the	interview	questions	were	written	in	such	a	way	that	
would	provide	additional,	more	specific	data	about	the	expert	perceptions	of	the	geological	
subsurface	in	the	location	under	study.	The	questions	were	also	framed	to	try	and	identify	
any	specific	temporal	or	regional	influences	on	the	expert	perception	of	the	geological	
subsurface	and	to	provide	a	broad	geological	context	for	the	expert	model,	to	easier	allow	
for	the	combination	of	literature	based	and	interview	based	expert	models.	As	such	the	
questions	were	structured	as	follows	(the	full	interview	protocol	is	available	in	Appendix	1).	
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The	expert	interviews	were	then	enhanced	by	the	use	of	the	3D	participatory	cube.	As	this	
cube	would	be	used	during	data	collection	with	the	non-expert	participants	for	the	reasons	
Questions	for	interviews,	based	upon	initial	data	collected	by	literature	based	expert	
model.	
• Can	you	tell	me	what	comes	to	mind	when	I	ask	you	about	geology?	
• Can	you	tell	me	about	any	experiences	you	may	have	had	with	geology	(or	about	
your	own	history	working	as	a	geologist)?	
• Have	you	seen	anything	about	geology	in	the	media	recently?	
• Can	you	tell	me	anything	about	geology	in	the	UK?			
• Can	you	tell	me	anything	about	the	types	or	ages	of	geology	near	you	(or	the	
residential	community	in	question)?		
• There	are	various	industries	or	commercial	activities	linked	to	geology	–	do	you	
know	of	any	of	these	near	you	(or	the	residential	community	in	question)?	
• Around	the	UK	there	are	lots	of	places	considered	geological	heritage	sites	(for	
example	the	Giant’s	Causeway).	Can	you	think	of	any	of	these	near	you	(or	the	
residential	community	in	question)?	
• We	have	talked	a	bit	about	geological	industry	and	heritage	–	can	you	think	of	any	
ways	that	that	may	influence	or	impact	on	your	community	(or	the	residential	
community	in	question)?	
• If	you	wanted	to	find	out	more	about	geology	near	you	(or	the	residential	
community	in	question),	how	would	you	do	that?	
• Can	you	describe	what	you	think	exists	in	the	geological	subsurface	(specific	to	
relevant	area)?		
• On	a	scale	of	one	to	ten	(1	being	no	importance	and	10	being	very	important)	can	
you	rank	the	importance	of	geology	to:	
o You		
o Your	community		
o The	Southwest	of	England		
o The	UK	as	a	whole	
• Is	there	anything	else	about	geology	that	you	would	like	to	tell	me	that	I	haven’t	
asked	you	about?	
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discussed	in	Chapter	4,	it	was	necessary	to	use	the	same	cubes	during	the	expert	interviews	
to	ensure	that	both	sets	of	interviews	were	directly	comparable.	The	interviews	were	then	
transcribed	by	the	researcher	and	coded	in	NVivo,	using	the	themes	obtained	from	the	
literature	based	model.	The	video	recordings	of	expert	participant	interactions	with	the	
cubes	were	analysed	for	apparent	themes	using	the	same	constant	comparison	method	as	
the	interview	data.	The	various	stages	of	the	annotation	of	the	cube	were	recorded	and	
applied	to	a	photograph	taken	of	the	complete	annotation	(the	full	complement	of	images	
relating	to	the	analysis	of	the	expert	cubes	are	provided	in	Appendix	2).	
	
	During	the	analysis,	it	swiftly	became	apparent	that	not	only	were	the	themes	identified	in	
the	literature	model	too	broad	for	the	expert	interviews,	they	were	woefully	inadequate	in	
terms	of	scope	and	relevance.	Only	a	small	proportion	of	the	expert	interviews	were	able	to	
be	catergorised	using	the	themes	from	the	literature	model,	leaving	large	portions	of	the	
interviews	requiring	new	codes.	As	a	result	all	the	interviews	were	re-coded	using	an	
emergent,	constant	comparison	method	(Glaser	and	Strauss,	1965).	In	order	to	ensure	
comparability,	the	same	questions	were	used	in	the	non-expert	interviews	as	the	expert	
interviews.	The	constant	comparison	method	also	relies	on	comparability	between	the	two	
sets	of	interviews,	with	the	emergent	expert	themes	being	identified	first,	and	then	
transferred	and	applied	to	the	non-expert	interviews.	Where	new	themes	emerged	from	the	
non	expert	interviews	those	themes	were,	in	turn,	transferred	and	applied	back	to	the	
expert	interviews	in	a	circular	pattern.	At	the	end	of	the	constant	comparison	73	themes	
were	identified	(some	with	attendant	subdivisions).	
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The	73	top	themes	(without	subdivisions)	identified	with	this	process	are	displayed	in	Figure	
5.3,	which	organises	the	priority	in	the	image	by	total	number	of	mentions	across	all	expert	
interviews.	Although	this	gives	a	good	representation	of	what	the	most	popular	themes	
were	with	the	expert	participants,	it	does	not	take	into	account	repetitive	narrative,	
interruptions	or	the	influence	of	the	questions	on	the	participant’s	response.	As	such	for	the	
purposes	of	ranking	importance	in	the	construction	of	the	mental	model	itself,	the	
frequency	of	mentions	was	limited	to	whether	or	not	an	individual	mentioned	the	topic	at	
least	once,	rather	than	the	frequency	of	mentions	per	interview.	For	a	full	list	of	the	73	
themes,	with	sub-headings	and	the	rubric	used	for	coding,	please	see	Appendix	3.	
	
	
5.2.3	Expert	interviews	results,	thematic	analysis	and	expert	mental	model	
	
	
Figure	5.3	Graphic	representation	of	the	key	themes	coded	from	expert	interviews	using	
wordle	to	rank	themes	by	frequency	of	use.	
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From	the	73	themes	identified	during	the	coding	process,	several	appeared	frequently	
during	the	interviews.	Due	to	the	emphasis	placed	upon	these	concepts	by	the	participants	
these	were	determined	to	be	central	concepts.	These	central	themes	included	the	surface	to	
subsurface	relationship,	geological	industry,	faults	and	fractures,	folding,	angled	deposits,	
mining,	3D	thinking	,	rock-types,	local	terms,	technical	terms	and	scale.	First,	probably	
understandably,	among	these	concepts	was	the	relationship	between	the	geological	
subsurface	and	resources	or	industry.	Given	that	all	the	experts	interviewed	had	at	least	
some	experience	of	industrial	or	commercial	geology	(see	Table	5.2)	it	is	unsurprising	that	it	
is	one	of	the	dominant	ways	that	the	expert	participants	expressed	their	thoughts	on	the	
geological	subsurface.	This	focus	on	an	industrial	interpretation	of	geology	was	expressed	in	
both	a	personal	context	and	professional	context	(Quote	5.1).	Whenever	a	quote	has	had	to	
be	compressed	to	improve	the	logic	of	the	statement,	a	§	symbol	will	indicate	that	the	full	
quote	can	be	found	in	Appendix	3.	Appendix	3	also	has	a	list	of	quotes	that	link	to	each	
theme	identified	in	the	analysis.	
	
Quote	5.1	
I	live	between	Camborne	and	Redruth,	and	it’s	very	being	has	been	shaped	by	the	
mining	industry.	150	years	ago	the	whole	landscape	was	min-,	was	a	mining	
landscape.	That’s	all	there	was.	It’s	all	gone	now	of	course,	but	the	reasons	that	
Camborne	and	Redruth	were	there	was	the	mining	industry,	um	less	so	on	this	coast,	
um	but	in	the	particular	part	where	I	live,	absolutely	fundamental	to	its	character	-	
Eric		
	
The	types	of	geological	industry	described	were	quite	diverse	and	included	quarrying,	
energy	resources,	such	as	petroleum	and	coal,	historical	mining	and	modern	mining	(Quote	
5.2).		The	expert	participant’s	perceptions	of	geological	industry	also	included	personal	
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experiences	of	working	in	industry,	either	directly	at	the	mine	face	(Quote	5.3)	or	more	
remotely	in	a	geological	mapping	role.	The	descriptions	also	included	the	expert’s	view	of	
their	working	experience,	particularly	in	industry,	as	a	lifestyle	and	how	it	became	such	an	
integral	part	of	their	lives	that	some	even	gave	examples	of	continuing	their	work	after	
retirement,	without	pay.	
	
Quote	5.2	
§	I	think	there’s	a	really	very	important	point	and	it’s	one	that	I	often	get	asked	
about	and	that	is	the	question	of	why	minerals	occur	in	a	particular	place.	Now	if	you	
want	to	open	a	new	mine,	er	one	of	the	reactions	to	that	is	‘why	near	me?’	and	the	
answer	to	that	is	as	likely	as	not	‘because	that’s	where	it	is!’	We	don’t	have	tungsten	
deposits	in	east	Anglia	for	example,	they	just	don’t	exist	there,	so,	but	in	the	public	
perception,	you	know	that’s	not	always	appreciated	...	if	you’re	seeking	planning	
permission	to	put	up	50	houses,	you	can	put	up	50	houses	practically	anywhere...	If	
you	want	to	open	a	quarry	for	high	quality	sandstone,	it’s	much	more	restricted	...	
and	if	you	go	even	more	tightly	constrained	to	something	like	a	tungsten	deposit,	
you	know	you’ve	only	got	a	tungsten	deposit	in	a	few	places.	I	think	this	is	where	
people	sometimes	think	‘oh	gosh	we	can	get	the	material	from	anywhere’	and	it’s	
simply	not	true.	-	Edmund		
	
Quote	5.3	
§	[One	thing	is]	how	physical	the	job	is.	One	thing	with	the	geology	at	South	Crofty	
was	the	deeper	we	went...	is	the	hotter	it	gets,	so	there	are	areas	you	can	have	hot	
spots	underground	where	we	have	a	lot	of	geothermal	heat.	And	some	of	the	
temperatures	that	I	worked	in	um,	were	45-50	degrees	centigrade		-	and	that’s	with	
a	fan	blowing	cool	air	in	on	you...	We’d	have	to	drink	a	gallon	of	salt	solution	to	stop	
you	getting	cramp.	Not	all	areas	of	the	mine	were	hot,	some	were	hotter	than	
others...	on	some	occasions	I	would	lose	a	stone	and	a	half	in	three	days.	–	Ethan		
	
Another	aspect	of	industry	that	was	touched	upon	by	the	experts	was	agriculture	and	the	
influence	that	geology	had	upon	agricultural	industry	across	the	Westcountry.	The	
connection	between	the	geological	subsurface	and	agricultural	industry	may	not	seem	
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obvious	at	first,	but	it	was	still	identified	by	experts	as	being	controlled	by	geological	factors	
(Quotes	5.4).	
	
Quote	5.4	
And	the	nature	of	the	geology	controls	the	nature	of	the	soils	so	when	you’ve	got	
good	soil	then	you’ve	got,	like	from	the	Triassic	and	the	Permian	then	you’ve	got	
very	high	grade	agricultural	land.	Whereas	elsewhere	where	it’s	not	so	good,	you’ve	
got	poor	agricultural	land.	-	Emmett		
	
Although	the	relationship	between	geology	and	agricultural	industry	might	be	considered	a	
marginal	relationship,	it	was	considered	particularly	relevant	to	experts	discussing	the	
location	of	Chulmleigh	(Quote	5.5),	perhaps	because	of	the	lack	of	any	geological	industry	in	
the	area,	agricultural	industry	remains	a	major	employer.	
	
Quote	5.5	
I	mean	its	most	well	known	probably	in	the	southwest	because	it	has	a	particular	
sort	of	pasture	on	it	which	is	sort	of	species	rich,	lots	of	interesting	species	lots	of	
invertebrates,	butterflies	that	sort	of	thing	associated	with	it,	so	when	you	see	culm,	
people	talk	about	‘culm	grassland’,	where	effectively	it’s	reflecting	the	underlying	
geology,	the	sandstone	sand	mudrocks	which	produce	that	damp	soil,	and	so	it’s	a	
special	thing	for	the	southwest	the	culm	grassland.	–	Emmett		
	
The	second	most	comprehensive	theme	emerging	from	the	constant	comparison	analysis	
was	the	way	that	the	experts	accessed	conceptions	about	the	subsurface.	This	process	of	
accessing	conceptions	of	the	subsurface	was	dominated	by	how	the	expert’s	used	visual	
cues	in	the	landscape	to	describe	the	geological	subsurface	(Quote	5.6)	or	trigger	
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recollections	about	detail	(Quote	5.16).	This	has	been	called	the	surface-subsurface	
relationship.		
	
Quote	5.6	
I	think	of	it	in	terms	of	Devon	and	Cornwall,	I	think	of	a	spine	of	outcrops	of	granite,	
which	are	connected	together	below	the	surface,	they’re	all	the	same	bit	of	granite,	
just	poking	out	the	ground	at	different	places,	having	been	intruded	up	through	
sediments	and	having	metamorphosed	those	sediments	to	a	significant	extent	and	
created	a	sort	of	local	mish-mash	of	metamorphosed	rocks	that	people	refer	to	as	
killas.	–	Eric		
	
Often	when	asked	specifics	about	a	rock	type	or	to	give	geological	detail,	the	expert	would	
invariably	give	surface	detail	first	before	extrapolating	subsurface	detail	(Quote	5.7).	These	
visual	cues	were	often	linked	to	the	landscape	in	terms	of	shape	or	structure.	In	other	
descriptions	the	characteristic	of	an	area	would	be	stereotyped	to	infer	a	broader	geological	
interpretation.	
	
Quote	5.7	
You’ve	got	your	little,	your	island	if	you	like,	of	the	Crownhill	granite,	because	then	
over	this	area,	over	here	you’ve	got	the	big	Cornwood	fault	section,	which	parallels	
this,	this	NW-SE	direction,	another	NW-SE,	big	wrench	fault,	you	can	see	it	when	you	
look	on	the	map	you	can	see	it,	but	more	particularly	when	you	look	on	Lidar	you	can	
see	the	whole	thing!	–	Edmund	
	
Biological	elements	of	the	landscape	were	also	used	as	geological	cues	(Quote	5.5).	In	fact	
the	landscape	played	a	central	role	in	how	the	expert	participants	visualised	the	geological	
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subsurface	in	many	ways,	including	the	influence	of	the	previously	mentioned	impact	of	
industry	(Quote	5.8).		
	
Quote	5.8	
We	have	a	landscape	which	is	the	history	of	our	land,	we’ve	got	mining	trails,	we’ve	
got	paths	used	by	the	miners,	and	every	village	you	got	to	you	could	always	meet	
somebody	who	could	actually	tell	you	a	little	bit	about	how	their	family	had	worked	
here.	–	Ethan	
	
Another	central	theme	was	the	description	of	specific	rock	types,	particularly	granite,	used	
in	describing	the	geology	of	the	area	under	question	(Quote	5.9).	In	addition	to	mentioning	
specific	geologically	recognised	terms,	the	experts	used	a	variety	of	specific	regional	terms	
to	describe	the	geology	of	the	various	regions.	These	local	terms	included:	killas,	a	term	
describing	the	combination	of	fine	grained	mudstones	and	slates	contact	metamorphosised	
during	intrusion	of	the	granite	batholiths;	culm,	another	descriptive	term	again	referring	to	
the	interbedded	slates	that	underlie	much	of	north	Devon;	and	schillet,	a	term	for	the	
poorer	grade	slates	found	across	the	south	west	of	England.	
	
Quote	5.9	
I	suppose	because	I’ve	been	here	quite	a	long	time	I	think	of	the	Westcountry,	I	
associate	it	with	the	granite.	Yeah	with	the	moorland	and	the	hard,	the	hard	mining	
that’s	gone	with	it.	–	Eric		
	
In	addition	to	the	importance	placed	upon	specific	rock	types,	a	very	diverse	range	of	
mineral	species	was	also	described	by	the	experts,	a	full	list	of	which	is	shown	in	Table	5.3.	
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An	important	aspect	of	the	diversity	of	minerals	suggested	by	the	expert	interviews	was	the	
way	that	this	diversity	was	applied	to	a	sense	of	uniqueness	or	value	for	the	Westcountry.	In	
some	cases	this	was	connected	to	a	commercial	appreciation	of	the	region’s	mineralogy	and	
in	others	it	seems	to	be	connected	to	a	sense	of	regional	pride	in	the	resources	that	were	
available	(Quote	5.10).	
	 Experts	 Carharrack	residents	
Hemerdon/Sparkwell	
residents	
Chulmleigh	
residents	
aluminium	 	 	 y	 	
arsenic	 y	 y	 y	 	
calcite	 y	 	 	 	
cassiterite	 	 y	 	 	
chalcopyrite	 y	 	 	 	
cobalt	 	 y	 	 	
copper	 y	 y	 y	 y	
diamond	 	 	 y	 	
feldspar	 	 	 	 y	
fluorite	 y	 	 	 	
gold	 y	 y	 y	 y	
gypsum	 	 	 y	 	
iron	 y	 	 y	 y	
lead	 	 y	 	 	
magnetite	 	 	 y	 	
mica	 	 	 	 y	
ore	(various	or	
undefined)	 y	 y	 y	 	
pyrite	 	 y	 	 y	
quartz	 y	 y	 	 y	
silica	 	 	 y	 	
silver	 	 y	 y	 	
tin	 y	 y	 y	 y	
tourmaline	 y	 	 	 	
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tungsten	 y	 	 y	 y	
uranium	 y	 	 y	 	
wolframite	 y	 y	 y	 	
zinc	 y	 y	 	 	
Total	number	of	
minerals	named	in	
each	location	
15	 13	 15	 9	
Table	5.3	Listing	mineral	types	identified	by	experts	and	by	residents	of	Carharrack,	
Hemerdon	and	Sparkwell,	and	Chulmleigh.	
	
Quote	5.10	
The	number	of	different	minerals	recorded	in	the	mines	of	Devon	and	Cornwall	is	
absolutely	incredible,	a	lot	of	the	species	of	minerals	that	were	first	recognised	there	
and	there	is	no	other	mining	area	in	Britain	and	virtually	not	in	Europe	unless	you	go	
to	the	Czech	republic,	that	is	that	diverse	–	Emmett			
	
The	experts	also	addressed	the	question	of	geological	processes	as	was	identified	strongly	
on	the	literature	based	model,	however	they	did	so	at	a	much	more	specific	level	by	
describing	the	influence	of	faults,	fractures	and	folding	(Quote	5.11).	These	processes	were	
described	in	a	way	that	was	integral	to	the	rock	type	and	mineralogy,	as	well	as	addressing	
the	broader	processes	of	geological	intrusion,	metamorphic	alteration	and	kaolinisation	of	
the	geological	material	also	frequently	including	a	reference	to	the	geological	age	of	the	
materials.	On	a	related	note,	the	casual	use	of	technical	language	and	scale	values	was	
frequently	noted	during	the	expert	interviews.	The	use	of	such	specific	technical	and	
mathematical	language	appeared	in	many	circumstances	to	be	automatic	in	describing	the	
geology	of	the	areas	under	question.		
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Quote	5.11	
So	that’s	slate	and	the	dip	of	the	beds	is	going	this	way,	so	if	you	were	going	to	put	
the	dip	on	here,	of	the	cleavage,	let’s	say	that	over	here,	we’ve	got	the	granite	
contact	and	let’s	put	the	granite	contact	on	here	in	black	as	we’ve	done	before	and	
it’s	coming	away	about	70	degrees,	and	then	the	slates	have	got	a	cleavage	dip	
towards	the	south,	they	are	tightly	folded,	they’ve	got	inversion,	we	know	from	
drilling	the	boreholes,	we’ve	got	very	tight	folds	in	here,	and	we’ve	got	thrust	faults	
separating	the	various	units	as	well.	–	Edmund		
	
This	use	of	advanced	technical	language	appeared	in	stark	contrast	to	the	expert’s	
discussions	of	the	resident	‘communities’	of	the	target	areas.	Non-expert	residents	were	
perceived	to	have	a	rudimental	and	‘romantic’	view	of	the	geology	of	the	region	(Quote	
5.12)	–	although	it	was	stated	that	the	experts	believed	the	non-experts	to	have	a	strong	
positive	emotional	connection	to	their	local	geology.	The	perspective	of	the	expert	on	the	
non-expert’s	value	of	the	geology	was	strongly	connected	to	ideas	of	culture	and	heritage,	
particularly	in	Cornwall.	This	was	also	connected	to	the	importance	of	geological	industry	in	
the	region’s	heritage	(Quote	5.8).	
	
Quote	5.12	
Elliot:	I	think	its	romantic,	a	romantic	view	of	the	granite	cliffs	in	the	southwest.	
Interviewer:		Oh,	where	do	you	think	that’s	come	from?	
Elliot:		Novels.	Probably!	You	see	it	written	all	over	the	place	–	the	fantastic	granite	
cliffs	of	Cornwall.		
	
Some	of	these	concepts	were	further	developed	by	using	the	3D	cube,	in	particular	the	
relationship	between	the	surface	and	the	subsurface	became	more	pronounced,	as	experts	
referred	to	particular	surface	feature	to	commence	illustration	of	the	cube.	All	the	experts	
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started	their	interaction	with	the	block	model	at	the	top	of	the	block	diagram,	and	used	
technical	figures	and	diagrams	to	support	their	previous	use	of	technological	language	as	
can	be	seen	in	Figure	5.4.	
	
Figure	5.4.	In	the	diagram	completed	by	Edmund,	crosses	are	used	to	indicate	the	granites	
and	also	used	different	curved	lines	to	indicate	the	contact	metamorphism	experienced	by	
the	slates	surrounding	the	intruded	granite	body.	The	pens	on	the	surface	of	cube	were	
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demonstrating	the	dominant	fault	pattern	in	the	area.	This	photograph	shows	the	expert	
participant’s	confident	used	to	technical	sybology	and	detail	as	well	as	3D	reasoning.	
Another	feature	of	the	expert	interviews	was	that	they	all	used	examples	of	spatial	
reasoning	casually	during	both	the	interviews	and	in	interaction	with	the	cube.	Whilst	the	
geology	on	the	cube	was	represented	with	different	levels	of	detail	on	multiple	sides	of	the	
cube,	and	not	every	expert	provided	diagrammatic	evidence	of	spatial	reasoning	as	is	
demonstrated	in	Figure	5.5,	every	expert	described	the	interactions	of	the	geology	with	
more	than	one	side	of	the	cube.	It	was	an	interesting	feature	of	the	expert	interviews	that	
even	when	the	technical	language	was	absent,	the	use	of	spatial	reasoning	could	
conceivably	raise	the	difficulty	of	the	concept	above	the	non-expert	level	(Quote	5.13).	
	
	 	 	
Figure	5.5	Images	representing	the	use	of	the	cube	by	experts	a)	Eric,	b)	Elliot	and	c)	Edgar,	
demonstrating	the	use	of	more	than	one	side	when	employing	spatial	reasoning	techniques.	
These	images	also	represent	the	varying	levels	of	detail	provided	in	the	annotations,	for	
instance	in	Edgar’s	use	of	the	block	model	(c),	the	detail	necessary	to	represent	the	folded	
layers	of	the	culm	was	too	fine	at	the	scale	given	and	so	could	not	be	represented	
individually.	
	a)	 	b)	 	c)	
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Quote	5.13	
§	Well	being	on	the	side	of	hill,	your	soil	wouldn’t	be	very	deep.	So	you	would	
probably	have	maybe	up	to	a	meter	of	good	soil,	then	you	would	have	your	subsoil,	
then	you	get	down	to	your	killas,	which	is	your	softer	rock,	and	then	the	killas	on	the	
side	of	the	hill	wouldn’t	be	very	deep...	The	further	you	go	down	the	hill,	the	deeper	
the	granite	becomes,	well	to	find	the	granite.	–	Ethan		
	
Finally	the	other	noticeable	element	of	the	expert	use	of	the	cube	and	discussion	of	
technical	elements	of	the	geological	subsurface	was	provided	in	the	use	of	scale.	Every	
expert	commented	on	scale	in	the	subsurface,	either	by	querying	the	imposed	scale	(of	
which	there	was	no	definite	scale,	only	an	implied	scale	imposed	by	the	aerial	photograph),	
or	by	applying	a	scale	of	their	own	by	studying	the	cube.	This	use	of	scale	is	demonstrated	in	
Figure	5.6.	
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Figure	5.6.	The	3D	cube	used	by	Ethan	demonstrates	an	imposed	scale,	which	although	
vertically	exaggerated	on	the	diagram,	is	correct	geologically.	
	
The	discussion	of	the	themes	emergent	from	the	expert	interviews	shows	the	focus	on	the	
importance	of	several	themes.	These	include:	resources	and	industry;	the	geological	history	
of	the	regions	under	question	and	how	that	relates	to	the	experts	perception	of	the	
community	and	culture	of	the	southwest;	how	certain	rock	types	are	associated	with	the	
region	and	the	impact	of	that	on	the	perceived	value	of	the	diverse	mineralogy	of	the	
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Westcountry.	The	interviews	also	identified	the	way	that	the	experts	approached	the	
geological	subsurface,	using	a	combination	of	specific	local	and	technical	terms,	scale	and	
spatial	reasoning	(called	3D	thinking).	As	all	the	themes	were	identified	and	correlated	
(some	being	combined	into	more	comprehensive	themes	as	can	be	seen	in	Appendix	3),	
these	themes	were	added	to	the	mental	model	constructed	from	the	literature	review.	The	
results	of	this	combination	can	be	seen	in	the	diagram	shown	in	Figure	5.7.	
		
Figure	5.7	This	diagram	shows	the	combined	expert	and	literature	data	for	the	mental	model	of	geological	knowledge	relating	to	the	subsurface.		Although	the	inclusion	of	the	expert	interviews	does	provide	more	
detail,	it	does	not	reduce	the	complexity	of	the	expert	model	when	constricted	using	the	dual	influences	of	the	literature	analysis	(from	the	textbook	and	the	Earth	Science	Literacy	Principles)	and	the	expert	
interviews.	Thus,	it	was	decided	to	redraw	the	expert	model	using	only	the	expert	interviews	as	a	source,	to	improve	the	clarity	and	relevance	of	this	model.
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What	can	be	seen	in	Figure	5.7	is	that	the	incorporation	of	the	expert	interview	themes	
serves	to	reinforce	the	highlighted	areas	identified	previously,	however	it	does	not	allow	for	
the	diversification	of	the	model	to	answer	any	of	the	issues	presented	earlier;	specifically	
the	impossibly	comprehensive	nature	of	the	diagram	and	the	lack	of	expert	or	non-expert	
participants’	attitudes	to	the	subject,	nor	their	confidence	in	their	own	knowledge	and	other	
social	aspects	of	geoscience	literacy.	There	is	also	an	inability	to	focus	on	the	issues	that	are	
specific	to	the	region	and	to	the	subsurface	in	particular,	although	it	could	be	argued	that	by	
its	very	nature,	all	geological	study	is	relevant	to	the	geological	subsurface.	Due	to	the	
complexity	of	the	model	it	would	have	been	unrealistic	to	attempt	to	draw	the	mental	
model	focussing	on	the	specific	areas	of	interest,	as	that	would	be	unjustifiably	subjective.	
As	a	result	it	was	decided	that	the	model	would	stand	as	the	framework	for	the	expert	
interviews,	to	provide	context	for	those	data.	
	
On	this	basis	it	was	decided	to	redraw	the	expert	mental	model,	focussing	on	the	data	
collected	from	the	expert	interviews	and	using	the	data	from	the	literature	review	as	
context	only	if	so	required.	Because	the	expert	mental	model	was	centred	on	the	geological	
subsurface,	the	3D	cube	coding	was	analysed	first,	in	order	to	provide	a	focus	for	the	more	
general	information	gathered	after	the	initial	construction	of	the	literature	based	model.	
The	expert	participants’	interaction	with	the	cube	was	video	recorded,	and	the	order	and	
prominence	of	the	key	themes	used	in	constructing	the	model	were	identified	and	tallied	for	
frequency.	This	provided	the	focus	of	the	mental	model	with	additional	detail	provided	by	
the	data	from	the	whole	interviews.	The	analysis	of	the	frequency	of	themes	identified	
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when	expert	participants	used	the	cube	showed	that	ten	themes	were	dominant	(used	by	
three	or	more	of	the	expert	participants	at	least	once).	These	themes	were:		
• surface-subsurface	relationship	
• 3D	thinking		
• rock-types	
• angled	geology	
• faults	and	fractures	
• folding		
• local	terms	
• technical	terms		
• scale	
	
Only	two	themes	were	identified	with	every	expert	participant	and	they	were:		
• surface-subsurface	relationship		
• 3D	thinking		
	
As	the	themes	of:	scale;	technical	and	local	terms;	and	3D	thinking	(or	spatial	reasoning),	
reflect	aspects	of	the	experts	approach	to	the	geological	data,	they	were	conceived	as	
frames	to	the	factual	and	attitudinal	data	provided	in	the	rest	of	the	model.	Thus	it	was	
conceived	that	these	frames	indicate	the	approach	to	the	data	taken	by	a	participant.	The	
frames	were	sequenced	by	importance	with	the	3D	thinking	frame	being	the	closest	to	the	
model,	as	it	was	used	by	all	participants	in	annotating	the	cube.	The	next	most	important	
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frame	as	identified	by	frequency	of	use	was	technical	and	local	terms	(or	language)	and	the	
third	most	important	frame	was	scale.	The	importance	of	the	different	themes	is	identified	
in	Table	5.4,	which	identifies	the	frequency	of	mentions	and	whether	the	participant	started	
at	the	top	or	bottom	of	the	cube	when	annotating.	
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Ethan	 T	 x	 x	 x	 x	 x	 x	 x	 x	 x	 -	 -	 -	 -	
Eric	 T	 -	 x	 x	 -	 -	 x	 x	 x	 x	 -	 -	 -	 -	
Edgar	 T	 -	 -	 x	 x	 x	 x	 x	 x	 x	 x	 x	 x	 x	
Emmett	 T	 x	 x	 x	 -	 -	 x	 x	 x	 -	 x	 -	 -	 x	
Elliot	 T	 -	 -	 x	 x	 -	 x	 x	 x	 x	 -	 x	 x	 -	
Edmund	 T	 -	 -	 -	 x	 x	 x	 x	 -	 x	 -	 x	 -	 x	
AVERAGE	 Top	 	 	 	 	 	 	 	 	 	 	 	 	 	
TOTAL	 	 2	 3	 5	 4	 3	 6	 6	 5	 5	 2	 3	 2	 3	
Table	5.4	Identifies	the	frequency	of	mentions	of	key	themes	during	annotation	of	the	cube,	
with	whether	the	annotation	started	at	the	top	or	the	bottom,	and	the	number	of	stages	it	
took	to	complete	the	annotation.	
	
In	order	to	construct	the	expert	model,	the	most	commonly	used	theme	was	placed	at	the	
centre	of	diagram,	as	the	most	commonly	expressed	theme	is	assumed	to	identify	a	key	
concept	(Morgan	et	al.,	2002).	As	this	theme	identified	an	interesting	idea	–	that	a	special	
relationship	exists	between	the	surface	and	subsurface	for	geoscience	experts	–	it	was	
decided	to	use	this	theme	to	locate	all	the	other	themes	around	the	surface-subsurface	
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relationship,	based	on	whether	they	existed	(or	were	perceived	to	exist)	in	either	the	
surface	realm	or	the	subsurface	realm.	Some	themes	(such	as	‘mining’)	were	described	as	
crossing	this	boundary	and	as	such	provided	an	alternate	or	perhaps	more	specific	pathway	
for	crossing	this	divide.		
	
Connections	between	the	themes	were	identified	by	cross	tabulating	frequency	of	theme	
mentions	during	the	interviews	in	the	same	way	as	those	for	the	annotation	of	the	3D	cubes	
and	looking	for	sequential	patterns	in	text	(natural	progression	of	thought).	A	full	
representation	of	the	cross	tabulation	of	the	expert	themes	from	across	all	six	expert	
interviews	is	provided	in	Appendix	4.	Themes	that	occurred	infrequently,	or	were	
considered	to	be	tangential	to	the	broad	thrust	of	the	interview	were	excluded	from	the	
model	in	order	to	simplify	the	final	diagram.	Emphasis	was	given	only	to	those	themes	that	
were	central	to	the	annotation	of	the	cube	as	this	was	the	specific	focus	of	the	expert	
interviews.	Those	themes	were,	as	previously	identified	in	Table	5.4,	the	surface-subsurface	
relationship,	which	was	the	dominant	theme,	and	rock	types	and	faults	and	fractures.	The	
expert	model,	refined	and	constructed	after	the	analysis	of	the	expert	interviews	is	thus	
displayed	in	Figure	5.8.	
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Figure	5.8	The	expert	mental	model	of	the	geological	subsurface	in	the	southwest	of	
England,	based	on	only	the	expert	interviews	show	the	improved	clarity	and	relevance	of	
this	model.	Data	in	the	model	is	divided	into	two	areas,	those	concepts	relating	to	the	
surface	and	those	relating	to	the	geological	subsurface.	
	
Once	the	expert	mental	model	had	been	produced	the	results	from	the	individual	villages	
surveyed	could	also	be	analysed.	These	results	will	be	presented	in	order	of	completion,	
with	Carharrack	the	first	village	where	the	interviews	were	completed,	Hemerdon/Sparkwell	
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the	second	village	where	interviews	were	completed	and	Chulmleigh	the	final	village	where	
the	interviews	were	completed.	
	
5.3	Constructing	the	non-expert	model:	Carharrack	
As	the	method	required	examining	both	the	existing	and	emergent	themes,	the	first	stage	of	
coding	analysed	the	text	using	the	established	themes	(identified	during	the	construction	of	
the	expert	model	Figure	5.8).	If	a	theme	emerged	during	this	iteration	of	analysis	and	was	
considered	relevant	it	was	added	to	the	list	of	themes.	A	relevant	emergent	code	was	one	
that	was	used	with	a	position	of	importance;	for	example	a	first	response	to	question	or	
stated	with	confidence	and	intent,	or	was	used	repeatedly	during	an	interview.	This	section	
will	address	the	themes	identified	in	the	expert	model	first,	as	they	applied	to	the	
Carharrack	interviews	and	then	the	new	emergent	themes	for	this	section	of	interviews.	
Finally	it	will	explore	how	these	themes	combined	influenced	the	use	of	the	3D	cubes.	
	
5.3.1	Themes	which	match	the	experts’:	industry	
As	with	the	expert	interviews,	one	of	the	most	prominent	themes	identified	in	the	non-
expert	interviews	from	Carharrack	related	to	geological	resources	and	industry.	Participants	
had	a	good	level	of	knowledge	about	geological	industry,	although	it	was	dominantly	
connected	with	mining	(Quote	5.14).	There	was	a	strong	connection	to	the	cultural	and	
historical	aspect	of	the	region’s	relationship	with	mining	and	many	people	expressed	a	
strong	feeling	of	value	as	related	to	the	idea	of	Cornish	people	being	mining	people	(Quote	
5.15).	Thus	geological	resources	and	mining	were	seen	in	generally	a	positive	light;	though	
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there	was	some	concern	attached	to	the	collapse	of	old	mining	structures.	However	there	
was	very	little	mention	of	how	industry	included	agriculture.		
	
Quote	5.14	
Because	when	you	think	about	a	word	like	geology	you're	thinking	about	how	the	
word	used.		And	for	most	people	geology	means	drilling	down	into	hard	rocks,	
prospecting	for	oil,	coal,	looking	for	solid	groundings	for	buildings	and	that	kind	of	
stuff.		I	suppose	we're	talking	there	about	economic	geology	as	it	were	and	
engineering	geology.		But	that's	what	comes	to	mind,	the	word	geology	to	me.		
Mining	as	well,	that	sort	of	stuff.	–	Kevin		
	
Quote	5.15	
But	my	ancestors	all	the	way	through	because	they	were	from	here	were	mining	
people.		My	mother's	uncle	[name]	was	a	captain	in	Mexico	and	so	--	or	South	
America,	I'm	not	sure	now.		My	not	grandfather	great	grandfather	went	to	Mexico	
and	California	several	times	to	do	with	mining.		My	father,	his	father	ran	a	whim	
engine	in	South	Africa	in	the	gold	fields.		So	we've	all	been	totally	associated	except	
the	last	two	generations.		If	my	sons	had	wanted	to	go	to	the	School	of	Mines	I	
would've	been	quite	happy.		But	they	didn't.		They	weren't	interested	in	that.	–	Kara		
	
There	was	an	extremely	strong	relationship	between	perceptions	of	the	local	geology	and	
rock	types,	specifically	granite	(Quote	5.16).	Although,	similarly	to	the	expert	perceptions,	
there	was	an	appreciation	for	the	diversity	of	minerals	found	in	Cornwall,	the	diversity	of	
rocks	was	less	apparent	in	people’s	perceptions.	This	also	related	to	the	use	of	locally	
specific	terms.	After	experiencing	the	use	of	local	terms	in	the	expert	interviews,	it	was	
anticipated	by	the	interviewer	that	these	terms	would	be	present	in	the	non-expert	
interviews	(perhaps	in	place	of	the	technical	terms),	but	in	fact	the	use	of	local	terms	was	
not	common	by	the	non-expert	participants.	Where	they	did	arise,	those	that	used	them	
often	expressed	an	uncertainty	with	their	meaning.	
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Quote	5.16	
I	know	that	all	of	Cornwall	is	sort	of	full	of	granite	in	it.		There’s	lots	and	lots	of	
granite	in	Cornwall.		But	I	don’t	know	really	about	other	rocks	and	things.	–	Kim		
	
5.3.2	Themes	which	match	the	experts’:	landscape	
Connected	to	the	use	of	local	language,	participants	expressed	a	strong	relationship	with	
their	landscape,	that	the	landscape	was	part	of	their	history	and	heritage	(Quote	5.17)	and	
was	valued	in	a	very	similar	way	to	the	experts	(Quote	5.8).	Some	participants	even	related	
the	structure	of	the	coastal	landscape	to	the	geology	in	the	same	way	as	the	experts.	
	
Quote	5.17	
See,	the	trouble	is,	people	look	at	that	and	they	say,	oh,	this	is	ugly	waste	ground.		
Actually,	it's	not.		It's	our	heritage.	–	Kara			
	
Finally	there	was	a	distinct	difference	in	the	way	that	the	participants	connected	the	surface	
to	the	subsurface.	Where	the	experts	used	visual	cues	from	the	landscape	to	describe	the	
subsurface	geology	(Quote	5.6),	the	non-expert	interviewees	in	Carharrack	used	the	surface	
to	find	human	interactions	with	the	geology,	such	as	mine	shafts,	quarries	and	the	rubbish	
dump	(Quote	5.18).	
Quote	5.18	
There	were	shafts	all	over	there	[indicates	on	map].		There’s	a	whole	honeycombed	
area	under	that.		That	was	called	the	United	Downs…United	Mines.		And	that	was	
mined	heavily.		So	yeah,	there’s	a	whole	honeycomb	of	shafts	that	are	into	the	
granite,	into	the,	the	underlying,	the	underlying	would	be	granite.	–	Kenneth		
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5.3.3	New	emergent	themes:	anthropocentric	
In	addition	to	the	existing	themes,	a	number	of	emergent	themes	were	identified	by	the	
constant	comparison	analysis.	Key	amongst	these	is	a	theme	that	is	related	to	those	
included	above,	particularly	the	surface	to	subsurface	relationship	theme.	This	was	called	
the	‘anthropocentric	method	of	penetrating	the	subsurface’.	The	anthropocentric	theme	
reflected	how	strongly	some	people’s	perceptions	of	the	subsurface	were	related	to	human	
activity,	be	it	describing	the	structure	of	the	subsurface,	or	what	exists	below	our	feet.	In	
order	to	be	classified	as	anthropocentric,	the	participant	had	to	use	human	structures	or	
geological	influence	to	progress	into	the	subsurface.	For	some	people	thinking	about	the	
geological	subsurface	outside	of	the	constraints	of	human	interaction	with	it	was	
troublesome	(Quote	5.19).	For	others,	the	whole	subsurface	environment	was	filtered	
through	the	human	experience	(Quote	5.20).	
	
Quote	5.19	
Interviewer:	So,	if	you	were	to,	like,	dig	straight	down	now,	what	would	you	come	
across?	
Katie:	I	don’t	know.		I	don’t	want	to	know.	It’s	quite	a	scary	thought,	isn’t	it?		It	
would	be	interesting	to	see	what,	but	we	just	don’t	know,	do	we?	There	could	be	
things	underneath	the	ground	like	that	kind	of	thing,	other	houses,	I	don’t	know.			
	
Quote	5.20	
I	suppose	us	interacting,	digging	down	is	going	to	cause	problems	--	well	it's	going	to	
cause	more	deflections,	alterations.		That's	going	to	make	an	effect	on	what	we	see	
in	both.		It's	like	a	dam	in	a	river.		You	want	to	get	a	build	up	behind	it.		So	you	dig	a	
hole	you	are	disturbing	the	general	flow.		Be	a	lot	similar	to	dig	a	hole	and	then	
shove	all	the	rubbish	back	in.	–	Keith		
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5.3.4	New	emergent	themes:	community	
In	addition	to	the	perceived	importance	of	the	anthropocentric	perspective,	there	was	a	
strong	emphasis	on	‘community’	(a	word	chosen	by	participants	rather	than	‘residents’	
which	was	initially	used	by	the	interviewer)	and	‘culture’.	These	concepts	appeared	to	have	
a	strong	relationship	to	the	heritage	aspect	mentioned	previously,	but	had	a	stronger	
position	than	was	found	in	the	expert	interviews.	Community	and	culture	represented	in	the	
Carharrack	interviews	often	connected	to	a	self-reliant	and	independent	spirit	(Quote	5.21)	
and	a	strong	sense	of	pride	in	their	regional	identity	(Quote	5.22).	
	
Quote	5.21	
Look,	around	here	you're	either	a	miner,	a	fisherman	or	a	farmer,	and	a	lot	of	time	if	
you	were	a	fisherman,	you	were	also	a	farmer	or	a	miner	as	well,	because	bad	
weather,	you	can't	go	fishing,	you	still	need	to	get	a	wage	in,	you've	got	to	keep	your	
family	fed.		Days	before	benefits	system,	so	you	went	and	done	a	bit	of	mining	or	
you	went	and	done	a	bit	of	farming,	depending	on	how	fit	you	were	and	on	a	skill-
set,	I	suppose.	–	Keith		
	
Quote	5.22	
They	used	to	say	that	if	you	find	a	hole	in	the	ground,	anywhere	in	the	world,	there	
would	be	a	Cornishman	at	the	bottom	digging	for	something.	–	Keith		
	
5.3.5	New	emergent	themes:	sensory	experience	of	the	subsurface	
The	final	dominant	new	theme	to	emerge	from	the	Carharrack	interviews	was	an	interesting	
descriptive	or	sensory	connection	with	the	geology.	These	ideas	were	divided	between	two	
themes	the	‘properties	of	the	rock’	when	a	descriptive	term	was	used,	and	‘peripheral	
senses’	when	a	sensory	connection	was	used.	Both	of	these	themes	represent	a	way	of	
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connecting	with	the	geology	that	may	well	be	experienced	by	the	experts,	but	was	not	
described	during	those	interviews	with	any	clarity.	However,	they	were	frequently	used	by	
the	non-expert	participants	to	describe	the	properties	of	a	rock	like	granite	or	the	sensorial	
stimulation	connected	with	a	particular	geological	environment	(Quote	5.23).	The	use	of	
‘feelings’	was	often	connected	with	a	description	of	the	subsurface	environment	–	
particularly	when	the	participant	was	describing	temperature.	
	
Quote	5.23	
Kara:	I	used	to	go	up	to	the	mining	ground	which	is	still	unspoiled	up	there	and	you	
could	smell	the	minerals	on	a	hot	day.		
Interviewer:	What	do	they	smell	like?	
Kara:	Minerally,	mineralish.		Um,	hot	rocks	you	can	smell.		I	don't	mean	hot	rocks	I	
mean	a	hot	rock	you	can	smell	in	the	sunshine.		
	
5.3.6	3D	participatory	cube	results	of	subsurface	
The	participants	of	Carharrack	provided	some	of	the	most	detailed	diagrams	in	the	whole	
study,	but	also	some	fairly	simple	diagrams.	One	thing	that	was	uniform	across	all	the	
diagrams	was	the	limited	spatial	use	of	the	cubes	in	relation	to	the	experts’	use	of	the	
cubes.	Although	some	participants	used	more	than	one	side	of	the	cube,	it	was	done	purely	
in	a	geographic	sense,	where	different	elements	of	the	subsurface	were	marked	on	the	sides	
of	the	cube.	This	was	perfectly	displayed	by	Kenneth,	who	used	one	side	of	the	cube	to	
demonstrate	his	perceptions	of	the	subsurface,	and	the	other	three	sides	of	the	cube	to	
locate	various	mines	in	the	area	as	is	shown	in	Figure	5.9.	
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Figure	5.9	Kenneth	from	Carharrack’s	use	of	the	cube	demonstrates	the	more	limited	use	of	
spatial	reasoning	evidenced	by	the	non-expert	participants.	The	sides	of	the	cube	are	
labelled	north,	south,	east	and	west	relative	to	the	aerial	photo	on	the	top	surface	of	the	
cube.	5.9a)	represents	the	south	side	of	the	cube,	5.9b)	the	north	side	and	5.9c)	the	east	
side.	
	
In	Kenneth’s	use	of	the	cube,	you	can	see	a	clear	example	of	participants	using	the	cube	in	
3D	geographical	way.	This	more	limited	spatial	use	results	in	only	one	side	of	the	cube	being	
used	to	demonstrate	perceptions	of	the	subsurface	and	the	others	being	used	not	at	all,	or	
used	to	demonstrate	a	geographic	sense	of	spatial	reasoning.	On	the	cube	Kenneth	used	the	
south	side	of	the	cube	to	demonstrate	his	perceptions	of	the	geological	subsurface	(Figure	
5.9a),	and	the	north	and	east	sides	to	locate	mines	as	identified	at	the	surface	(Figure	5.9b	
and	5.9c).	
	
Some	participants	gave	more	detailed	descriptions	of	things	that	were	on	the	surface.	Keith	
also	used	geographical	spatial	reasoning	to	identify	mines	in	the	area,	but	gave	a	more	
detailed	description	of	those	mines,	as	is	shown	in	Figure	5.10.	Using	markers	on	the	
a
	
b
	
c
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surface,	he	identified	the	mines	geographically	and	then	used	more	than	one	side	of	the	
cube	to	detail	how	those	mines	could	extend	below	ground.	However,	these	illustrations	did	
not	seem	interconnected	or	representative	of	a	broader	unified	subsurface	model	in	the	
way	that	an	expert	would	express	the	same	concepts.	The	sketches	seemed	to	act	more	as	a	
visualisation	of	a	generic	mine	structure	rather	than	something	specific	to	the	area	under	
discussion.	
	
	 	
Figure	5.10	Keith	from	Carharrack’s	use	of	the	cube	to	demonstrate	a	more	detailed	
geographical	spatial	reasoning,	focussing	on	mining	structures	in	the	area	from	a)	the	east	
side	and	b)	the	west	side.	
	
This	focus	on	mining	structures	and	mining	locations	that	were	displayed	by	Kenneth	and	
Keith,	was	also	represented	even	more	strongly	by	other	participants.	During	the	data	
collection	stage	in	Carharrack	it	became	clear	that	this	method	of	focusing	on	the	human	
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interaction	with	geological	subsurface	in	priority	to,	or	exclusion	of	all	other	factors	was	
fairly	common.	As	with	the	spoken	descriptions	of	the	subsurface,	this	reliance	on	human	
interaction	as	opposed	to	landscape	based	or	geological	ideas	was	classified	as	
anthropocentric.	This	anthropocentric	approach	to	conceptualising	the	geological	
subsurface	was	displayed	in	both	detailed	and	vague	uses	of	the	cube;	the	detailed	
approach	being	perhaps	best	demonstrated	by	Kara’s	use	of	the	cube,	as	is	shown	in	Figure	
5.11.	Kara	began	her	interaction	at	the	top	of	the	cube,	in	the	same	way	as	all	the	expert	
participants	did,	but	instead	of	using	a	landscape	feature	to	help	her	transition	from	the	
surface	to	the	subsurface	she	used	a	mine.	The	mine	structure	was	detailed	and	included	
lots	of	information	about	the	surrounding	rock	types,	and	minerals,	even	how	those	
minerals	may	interact	with	the	mine	in	a	complex	way.	As	an	example	of	this	she	indicated	
that	certain	minerals	may	occur	in	angled	deposits,	which	would	mean	that	the	miner	could	
develop	the	mine	in	a	bifurcating	pattern	of	shafts	(vertical	tunnels)	and	adits	(horizontal	
tunnels).		
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Figure	5.11	An	annotated	image	of	Kara’s	diagram	from	the	Carharrack	cube.	The	numbers	
represent	the	sequence	of	illustration,	with	additional	description	added	from	verbal	
discussion.	This	photograph	shows	the	relatively	high	level	of	detail	Kara	includes	in	her	
diagram,	but	also	how	her	focus	is	anthropocentric,	based	on	the	mining	structure.	
	
Although	the	level	of	detail	that	Kara	is	able	to	express	about	the	mine	may	seem	equivalent	
to	an	expert’s,	her	use	of	the	anthropocentric	model	separates	her	conceptual	model	from	
the	expert	participants,	highlighting	how	non-expert	participants	have	very	diverse	levels	of	
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understanding.	Even	as	Kara	used	an	anthropocentric	method	to	explore	her	perceptions	of	
the	subsurface	in	a	detailed	way,	so	other	participants	used	the	same	method	of	accessing	
the	subsurface	but	with	much	less	detail.	A	particular	example	of	this	came	from	Katie.	Katie	
was	very	reluctant	to	give	any	detailed	answers	during	the	interview,	an	interesting	factor	
which	in	part	seemed	to	stem	from	her	unwillingness	to	give	me	a	‘wrong’	answer.	She	had	
even	brought	some	notes	from	home	to	help	her	give	me	the	information	that	she	thought	I	
needed,	as	is	shown	in	Quote	5.24.	
	
Quote	5.24	
Interviewer:		 I	mean,	I’m	not	really	worried	about	if	anything	is	right	or	wrong,	just	
what	you	think	really.	
Katie:	 What	do	I	think?	
Interviewer:	 And	it’s	okay	if	you	don’t	think	about	it	specifically.	Just	kind	of	your	
ideas.	
Katie:	 What’s	happened	here?		I	don’t	know	really.		I	just	got	some	notes	there.		I	
don’t	know	if	you	could	put	some	stuff	together	on	the	notes	that	I’ve	got.	
Interviewer:	 Ok.....	is	this	something	that	you’ve	chatted	about?	
Katie:		 This	is	just	notes	that	my	dad’s	given	me	about	the	village,	saying	that	I	live	in	
a	peninsula	surrounded	by	lots	of	granite,	that	kind	of	thing.			
	
Even	once	we	had	moved	past	the	notes	that	she	had	brought	with	her,	Katie	seemed	
extremely	uncertain	about	her	ideas	about	geology.	The	geological	subsurface	particularly	
seemed	to	be	a	concept	that	she	was	extremely	uncomfortable	discussing,	possibly	as	she	
appeared	to	have	no	pre-constructed	model	with	which	to	work.	In	fact	her	
conceptualisations	were	based	entirely	around	an	anthropocentric	structure:	projecting	
surface	objects	and	structures	into	the	subsurface.	As	a	result	she	described	entire	buildings	
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that	were	below	ground	level	and	was	either	unable	or	unwilling	to	project	her	conceptual	
model	anywhere	outside	the	influence	that	humans	have	on	the	subsurface,	as	is	shown	in	
her	drawing	on	the	cube	in	Figure	5.12.	
	
	
Figure	5.12	An	annotated	image	of	Katie’s	diagram	from	the	Carharrack	cube.	The	numbers	
represent	the	sequence	of	illustration,	with	additional	description	added	from	verbal	
discussion.	This	photograph	shows	Katie’s	uncertainty	with	the	subsurface	and	the	absence	
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of	a	detailed	mental	model.	However,	she,	like	Kara	also	focuses	on	the	anthropocentric	
aspects	of	the	subsurface,	identifying	buildings	and	human	structures	as	important.	
	
The	anthropocentric	method	was	not	the	only	one	that	was	used	on	the	3D	cube.	Another	
perspective	which,	superficially	at	least,	aligned	more	closely	with	a	more	scientifically	
familiar	conceptual	model	was	also	present	in	some	non-expert	interviews.	This	method	of	
conceptualising	the	subsurface	prioritised	rock	types,	layers,	temperature	and	other	factors	
which	could	be	considered	to	be	part	of	a	more	scientific	disposition	and	in	this	study	is	
labelled	as	the	‘geoscience-centric’	method.	It	should	be	noted,	at	this	point,	that	the	use	of	
the	term	‘geoscience-centric’	does	not	denote	that	those	people	who	chose	a	geoscience-
centric	method	were	more	correct,	or	better	informed	than	their	counterparts	who	used	a	
dominantly	anthropocentric	method.	Instead	it	indicates	a	tendency	amongst	participants	to	
use	a	method	that	would	be	more	familiar	to	a	scientist	or	geologist,	because	they	were	
more	likely	to	use	rock	types,	layers,	geological	structures	(such	as	the	core),	and	an	
indication	of	temperature	to	depict	their	perception	of	the	geological	subsurface.	The	
different	features	that	constitute	the	anthropocentric	and	geoscience-centric	methods	for	
penetrating	the	subsurface	are	identified	in	Table	5.5.		
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Anthropocentric	 Geoscience-centric	
• Surface	features	of	geological	
industry	(e.g.	engine	houses)	
• Subsurface	features	of	geological	
activity	(e.g.	mines)	
• Visible	features	of	geological	industry	
(e.g.	mines,	quarries,	etc)	
• Focused	on	human	experience	of	
subsurface		
• Generalised	geological	structures	
(e.g.	linear	parallel	layers)	
• Whole	Earth	geological	structures	
(e.g.	the	core)	
• Geological	structures	not	connected	
to	the	surface	
• Description	of	elements	of	the	
geological	subsurface	(e.g.	rocks	in	
substrate,	soil	types)	
Table	5.5	Rubric	to	show	the	different	defining	characteristics	of	the	anthropocentric	vs.	
geoscience-centric	method	of	perceiving	the	geological	subsurface.	
	
	An	excellent	example	of	this	geoscience-centric	method	was	used	by	Kimberley	in	her	use	
of	the	cube.	Kimberley	produced	an	extremely	detailed	diagram	on	the	side	of	her	cube,	
starting	with	the	Earth’s	core	at	the	bottom.	She	amended	her	first	drawing	of	a	semi-
circular	core	after	realising	that	if	the	top	of	the	cube	was	flat	then	the	core	could	not	be	
round.	She	proceeded	to	add	several	layers,	describing	different	geological	ages	and	various	
temperatures	as	the	diagram	progressed	toward	the	surface.	She	then	disconnected	her	
diagram	from	the	context	of	the	cube,	by	drawing	an	artificial	surface	(with	grass)	on	her	
diagram	as	is	shown	in	Figure	5.13.	Although	there	was	much	factually	that	would	not	match	
with	an	expert’s	rendition	of	this	type	of	drawing,	an	appreciation	for	the	different	ages	of	
different	rock	layers,	and	those	layers	appearing	in	a	sequential	form	that	is	influenced	by	
temperature,	is	a	much	more	geoscience-centric	approach	than	anthropocentric	one.	
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Figure	5.13	An	annotated	image	of	Kimberley’s	diagram	from	the	Carharrack	cube.	The	
numbers	represent	the	sequence	of	illustration,	with	additional	description	added	from	
verbal	discussion.	Kimberley’s	diagram	is	very	detailed	and	demonstrates	a	geoscience-
centric	approach	to	the	subsurface	in	that	many	of	the	features	included	would	be	familiar	
to	a	geoscience	expert,	however,	there	is	a	total	disconnect	with	the	surface	as	indicated	by	
the	artificial	grass	surface	added	to	the	diagram.	
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In	all	of	the	diagrams,	the	importance	of	granite	as	an	identifying	rock	type	cannot	be	
overstated.	Granite	and	the	copper	and	tin	mining	that	are	so	much	part	of	Cornwall	
heritage	featured	regularly,	and	often	within	the	first	two	or	three	stages	of	drawing.	Even	
within	the	scientific	diagrams	granite	was	used	as	an	anchor	to	help	guide	the	rest	of	the	
conceptualisation,	as	is	shown	in	Quote	5.25	from	Kyle,	when	he	was	asked	to	represent	
what	he	thought	existed	below	Carharrack	on	the	cube.	
	
Quote	5.25	
First,	several	feet	of	dirt.		And	then,	they	have,	what	do	they	call	it	“bedrock”	or	
whatever…there’s	a…there’s	granite,	ah,	loads	and	loads	and	loads	and	loads	of	
granite.		It	goes	down	a	long,	long	way.		But,	in	the	granite,	there	are	seams	of	things	
like	tin	or	zinc,	I	don’t	know	what	arsenic	is…I	don’t	really	know	if	arsenic’s	an	
element	or	whatever,	you	know.		I	know	there’s	arsenic	down	there.	–	Kyle		
	
It	was	interesting	to	see	if	there	was	any	obvious	relationship	between	where	the	non-
expert	participants	started	their	model	(top	or	bottom)	and	whether	they	used	a	more	
anthropocentric	or	geoscience-centric	method.	Of	course	some	participants	used	both	these	
methods	in	combination,	but	one	was	always	dominant.	A	dominant	method	was	judged	
when	it	was	either	mentioned	first,	or	used	as	a	framework	around	which	the	other	was	
placed	in	any	way	it	would	correlate.	In	Table	5.6	the	relationships	between	different	factors	
of	the	depictions	of	the	geological	subsurface	using	the	3D	cube	is	displayed.	There	was	no	
obvious	relationship	between	choosing	an	anthropocentric	or	geoscience-centric	approach	
to	whether	the	diagram	started	at	the	top	or	bottom,	or	whether	the	drawing	was	detailed,	
vague	or	relied	on	the	stickers	(as	described	in	Chapter	4).	However,	there	did	seem	to	be	
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an	interesting	correlation	between	the	obvious	and	central	use	of	a	local	factor	and	which	
type	of	approach	was	taken	to	construct	the	diagrams.	In	the	only	circumstances	where	no	
local	link	was	used,	the	participant	constructed	a	geoscience-centric	model.	It	is	possible	
then,	that	in	those	cases,	the	geoscience-centric	approach	represented	a	more	abstract	
construction	of	the	geological	subsurface,	which	could	be	applied	anywhere	in	Cornwall	(or	
indeed	the	UK).	This	might	signify	that	the	use	of	the	anthropocentric	model	was	a	response	
to	the	extremely	local	nature	of	the	questioning,	and	the	fact	that	some	people	might	hold	
more	conventional,	scientific	models,	but	at	a	much	larger	scale	than	was	requested	by	the	
interviews.	
	
Pseudonym	 Top	or	Bottom	
Dominantly	
geoscience-centric	
or	anthropocentric	
Detailed	drawing,	
vague	drawing	or	
stickers	
Locally	
specific?	
Kara	 T	 Anthropocentric	 Detailed	 Y	
Kenneth	 B	 Geoscience-centric	 Vague	 Y	
Kelsi	 T	 Geoscience-centric	 Stickers	 N	
Kim	 B	 Anthropocentric	 Vague	 Y	
Keith	 T	 Anthropocentric	 Vague	 Y	
Katie	 B	 Anthropocentric	 Vague	 Y	
Katrina	 T	 Anthropocentric	 Stickers	 Y	
Kathy	 B	 Geoscience-centric	 Stickers	 Y	
Kieran	 T	 Geoscience-centric	 Vague	 Y	
Kevin	 B	 Anthropocentric	 Detailed	 Y	
Kyle	 T	 Geoscience-centric	 Vague	 Y	
Kimberley	 B	 Geoscience-centric	 Detailed	 N	
Average	 Equal	 Equal	 Vague	 Yes	
	Table	5.6	A	table	to	show	the	different	factors	arising	from	the	Carharrack	participants’	
completion	of	the	3D	cube	diagrams.	
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5.3.7	Mental	models	diagram	for	Carharrack	
In	order	to	construct	the	mental	model	for	Carharrack,	the	expert	model	was	used	as	a	
starting	point,	with	the	nodes	either	retained	or	removed	depending	on	their	relevance.		
The	importance	and	relationship	of	the	nodes	was	calculated	by	cross	tabulating	the	themes	
from	Carharrack.		A	full	representation	of	the	cross	tabulation	of	the	non-expert	themes	
from	Carharrack	is	provided	in	Appendix	4.	Rectangular	nodes	indicate	a	concept	first	
identified	in	the	expert	mental	model,	which	has	stayed	present	in	the	non-expert	mental	
models;	and	oval	nodes	indicate	a	concept	that	is	new	to	the	non-expert	mental	models,	or	
an	expert	concept	that	has	been	modified	by	the	non-expert	interviews.		It	appears	clear	
from	the	model,	as	shown	in	Figure	5.14,	that	one	of	the	biggest	changes	is	the	move	
toward	the	mining	and	geological	heritage	side	of	the	diagram,	and	the	clarification	of	some	
of	the	nodes,	such	as	the	node	of	‘rock	type’;	which	is	now	much	more	strongly	associated	
with	‘granite’.	It	is	important	to	note	how	little	some	parts	have	changed.	The	surface	
section	relating	to	the	presence	of	engine	house	and	waste	ground	were	commonly	referred	
to	when	discussing	the	landscape,	especially	as	Carharrack	has	just	closed	a	large	open	
landfill	pit	just	outside	the	village.	One	new	factor	that	emerged	from	a	related	area	is	the	
impact	of	negative	emotions,	particularly	fear,	which	was	linked	to	the	old	mining	shafts.	
Although	many	participants	expressed	a	sense	of	fatalism	or	acceptance	towards	the	
prospect	of	unstable	mine	shafts	as	is	shown	in	Quote	5.26,	it	is	clearly	something	that	is	
foremost	in	many	people’s	minds	when	asked	about	the	geological	subsurface	of	their	
village	in	Cornwall.	
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Quote	5.26	
Well,	I’m	a	bit	of	a	fatalist.		I’m	like	to	think	you	know	‘what	will	be	will	be’.		And	if	
there’s	a	hole	there	and	I’m	meant	to	go	down	it,	well	you	know.	–	Kim		
	
	
Figure	5.14	Mental	model	of	perceptions	of	the	geological	subsurface	in	Carharrack,	non-
expert	only.	New	concept	nodes	have	been	added	to	the	original	expert	model,	and	some	
other	nodes	have	been	modified.	Key	changes	include	the	disconnect	between	the	surface	
and	the	subsurface	and	the	addition	of	the	anthropocentric	node.	
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Overall	this	model	shows	a	detailed	general	level	of	knowledge	about	the	geological	
subsurface	and,	superficially,	a	reasonable	correlation	in	terms	of	broad	concepts	held	
between	experts	and	non-experts.	It	is	important	to	note	however	that	although	some	
concepts	may	have	been	held	between	both	expert	and	non-expert	participants,	the	non-
expert	participants	did	not	display	the	same	level	of	factual	knowledge	as	the	experts	–	
merely	that	their	conceptual	knowledge	was	comparable.	
	
5.4	Constructing	the	non-expert	model:	Hemerdon	and	Sparkwell	
The	non-expert	mental	model	for	Hemerdon	and	Sparkwell	was	constructed	after	the	expert	
mental	models	using	the	constant	comparison	method.	Thus	the	existing	themes	and	new	
emergent	themes	are,	in	many	respects	very	similar.	Once	again,	the	themes	that	matched	
those	in	the	expert	mental	model	(Figure	5.8)	will	be	presented	first.	
	
5.4.1	Themes	which	match	the	experts’:	industry	
Dominant	amongst	the	themes	which	matched	the	expert	was,	once	again,	the	theme	of	
industry.	In	Hemerdon	and	Sparkwell	the	connection	to	industry	was	very	strongly	
connected	to	the	new	mine	‘Drakelands’,	which	was	in	the	process	of	preparing	for	
production	during	the	interview	period	as	is	shown	in	Quote	5.27.	This	focus	with	the	new	
mine	was	divided	into	two	groups:	a	positive	one,	which	described	the	way	that	the	mine	
would	bring	new	business	into	the	village	as	demonstrated	in	Quote	5.28;	and	a	negative	
one	which	described	a	detrimental	impact	on	the	environment	and	the	erosion	of	village	life	
as	shown	in	Quotes	5.29.	Other	types	of	industry	were	connected	to	geology,	particularly	
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quarrying,	which	is	still	done	locally,	and	historical	mining,	which	was	associated	with	
Cornwall.	
	
Quote	5.27	
It’s	raw,	in	this	village.	Geology,	mining	is	raw	because	we	have	the	world’s	second	
largest	tungsten	mine	about	to	start,	just	up	on	the	brow	of	the	hill.	–	Holly		
	
Quote	5.28	
I	would	say	that	it’s	been	a	benefit	to	the	village	because	you	know,	the	clay	works	
and	people	who	have	had	income	from	it.	So	it’s	er,	yeah,	I	would	have	thought	that	
it’s	done	more	good	than	harm.	–	Howard		
	
Quote	5.29	
§	I	don’t	know	how	many,	I've	never	actually	stopped	to	count	because	I	found	it	too	
upsetting,	but	there's	families	that	have	gone	now	that	were	vital	to...	a	nice,	
cohesive,	village	life.		They	were	born	here.		They've	lived	here	all	their	lives.		They've	
brought	their	children	up	and	they've	gone.	So,	the	fabric	of	the	village	has	changed	
totally	...	Now,	you	can	open	the	curtains	in	the	morning	and	see	a	strange	dog	in	the	
garden	or	people	standing	at	the	gates	looking	up	at	your	windows	and	you	think	
this	isn't	what	life	was	like.	–	Hannah		
	
One	possible	influence	of	the	new	Drakelands	tungsten	mine	was	on	the	residents’	
knowledge	of	different	mineral	resources.	Including	the	fact	that	the	area	has	a	number	of	
residents	who	either	previously	or	currently	work	in	one	of	the	extractive	industries,	
residents’	knowledge	about	the	type	of	resources	in	both	Cornwall	and	Devon	that	could	be	
extracted	by	industry	was	fairly	detailed	(Quotes	5.30).	Participants	also	connected	the	
industry	of	the	region	with	specific	rock	types	(Quote	5.31),	much	as	happened	in	
Carharrack,	but	there	was	also	a	very	strong	emotional	connection	to	different	rock	types,	
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not	just	granite	(Quote	5.32),	but	also	the	striking	red	sandstone	that	is	seen	along	the	south	
Devon	coast.	
	
Quote	5.30	
Well,	obviously,	there	is	the	tin	mining	in	Cornwall	which	is	being	worked	out	to	
basically	about	1980s	standards.		But	now,	they’re	facing	the	situation	where	as	the	
price	of	tin	is	creeping	up.		They	could	go	back	in	again	and	look	for	more	less-pure	
ore.		And	I	believe	there’s	also	potential	in	their	waste	tips	for	reprocessing	that	and	
getting	more	tin	out	than	they	could	previously	beyond	that	oh	of	course.	–	Henry		
	
Quote	5.31	
Yeah,	so	[there	is]	quite	a	lot	of	granite	around	there.		Some	of	the	people	who	have	
actually	looked	at	the	plans	can	tell	you	exactly	where	the	granite	is	and	where	the	
tungsten	is	and	everything	else,	but	I	know	what	there	is	[in	the	mine]	and	that's	big	
lump	of	granite	down	there	somewhere.	–	Hugh		
	
Quote	5.32	
§	Well,	when	you	live	here	…	I	think…	ah,	the	people	around	here	are	very	proud	of	
their	granite.	They	love	their	granite,	they	love	the	tors,	they	love,	when	walking	on	
Dartmoor	and	what	have	you.	So	they	understand…	I	think	it’s,	it’s	very	much	an	
identity	as	well,	because	when	you	drive	into	different	parts,	we,	we	always	say,	
drive	about	and	you	know	you’ve	come	home	when	you	see	the	granite.	–	Holly		
	
5.4.2	Themes	which	match	the	experts’:	landscape	
Landscape	was	very	important	to	residents	of	Hemerdon	and	Sparkwell,	but	was	viewed	in	a	
different	way	than	that	expressed	by	the	experts.	More	commonly	expressed	than	the	idea	
that	the	land	had	been	shaped	by	man’s	industry,	was	the	perception	that	the	landscape	
was	valued	because	of	its	wildness,	its	beauty,	and	its	value	in	attracting	tourists	(Quote	
5.33).	There	was	very	little	connection	between	the	surface	and	the	subsurface,	even	in	
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ways	that	might	be	considered	obvious,	such	as	using	the	geology	of	the	extractive	
industries	as	an	indicator	of	rock	type	(Quote	5.34).	In	the	rare	instance	it	was	connected	
the	link	was	made	through	the	granite	of	Dartmoor	(Quote	5.35).	
Quote	5.33	
I	mean	I	do	really	feel	in	this	area	we	are	lucky	to	live	in	such	a	beautiful	area,	it	
would	be	a	pity	to	turn	it	into	an	industrial	you	know,	place,	with	chimneys	and	
pollution	and	everything	else,	and	ruin	what	we’re	good	at.	Yeah	so	I	think	we	are	
better	to	concentrate	on	tourism.	–	Howard		
	
Quote	5.34	
I	guess	there	might	be	some	clay	around	here	as	well,	because	of	the	clay	mine,	but	
yeah,	I	couldn’t	say	for	sure.	–	Hillary		
	
Quote	5.35	
So,	in	terms	of	that	right	here,	I	think	these	are…these	are	granite	extrusions,	I	think	
that’s	what	we	are	here	[in	Sparkwell]	and	two	massive	[hills]	up	here.		Up	on	
Dartmoor.	So,	I	think	the	crust	is	much	thicker	than	that,	much	thicker	than	that.		So,	
granite	extrusion	would	sort	of	mirroring	this	[hill]	and	would	be	something	like	a	
bubbling	off	below	the	surface...	–	Harold		
	
5.4.3	New	emergent	themes:	sensory	experience	of	the	subsurface	
One	of	the	key	emergent	themes	connected	to	a	theme	that	was	first	described	in	
Carharrack,	was	the	differing	perceptions	of	the	properties	of	the	geological	subsurface.	
Although,	in	Carharrack	this	was	expressed	in	a	very	sensory	way	which	also	occurred	in	
Hemerdon	and	Sparkwell	(Quote	5.36),	what	was	striking	was	the	different	way	that	the	
rocks	were	perceived	by	participants	of	Hemerdon	and	Sparkwell	to	behave	in	a	subsurface	
environment.	These	perceptions	related	to	the	strength	of	the	rock,	particularly	in	
connection	with	the	described	properties	of	tungsten	(Quote	5.37).	This	attitude	towards	
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the	perceived	properties	of	the	rock	also	linked	to	an	idea	expressed	which	described	the	
conceptualisation	of	granite	being	a	volcanic	rock	and	therefore	connecting	directly	to	the	
molten	magma	below.	This	perception	of	a	rock’s	structure	also	highlighted	a	broader	fear	
of	the	impact	of	blasting	and	vibrations	from	the	new	mine	travelling	through	the	rock	and	
affecting	local	properties	(Quote	5.38).	
	
Quote	5.36	
Yeah,	there's	a	mine	or	[something]	in	the	vicinity.		It	was	very	wet.		I	can	remember	
it	being	smelly	and	dark	and	stuff	and	then	you	come	up	and	it's	like	nothing's	
underneath	you	because	life's	just	the	same,	but	you	don't	know	what's	going	on	
underneath.	–	Hannah		
	
Quote	5.37	
And	what	are	you	going	to	fill	[the	hole	in	the	mine]	in	with?	And	when	you	do	that	
you’re	going	to	get,	these	bits	–	they’re	gonna	move	--	it's	like	when	you	take	a	tooth	
out	of	a	mouth	it	moves	to	fill	the	gaps.		Take	that	out	--	why,	to	put	it	back	in	
because	it's	very	strong.		I'm	told	[tungsten’s]	the	strongest	metal.	–	Hannah		
	
Quote	5.38	
§	I’m	just	waiting,	I’m	just	wondering,	I,	again,	I	don’t	know	what	they’re	going	to	
use.	I	know	they’ll	be	using	dynamite,	but	I	don’t	know	what	the	impact	of	...	well	
what	that	is	going	to	do	with	the	shockwaves	through	that,	well	that	granite	there,	I	
don’t	know	if	that	will	stop	here,	or	whether	that	will	transfer	all	the	way	across	to	
us	[in	the	village].	Question	mark,	don’t	know.	So	that’s	one	thing	I’m	worried	about.	
–	Holly		
	
5.4.4	New	emergent	themes:	anthropocentric	
Although	anthropocentric	perceptions	were	not	as	obviously	described	in	terms	of	
subsurface	mining	as	they	were	in	Carharrack,	the	use	of	human	interaction	to	help	with	
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conceptualising	the	subsurface	was	still	fairly	common.	Unlike	Carharrack	though,	residents	
of	Hemerdon	and	Sparkwell	relied	more	on	their	own	experiences	of	gaining	access	to	the	
subsurface,	particularly	from	gardening	(Quote	5.39).	
	
Quote	5.39	
§	Right,	we	are	very	keen	gardeners	so	I	can	be	quite	accurate	here...	so	between	the	
soil	we	are	hitting…	see	I	know	there’s	exposed	clay	just	down	the	lane,	so	I	already	
know	there’s	that	heap...	so	from	our	garden,	I’ll	do	it	for	my	garden...um,	the	clay,	
clay	deposits	are	quite	substantial,	so	that	there,	we	haven’t	hit	granite	in	our	garden	
–	Holly		
	
5.4.5	New	emergent	themes:	water	
The	final	emergent	theme	was	one	that	had	also	been	discussed	by	participants	in	
Carharrack	and	to	some	extent	by	the	expert	participants,	but	never	with	such	priority	
before,	and	that	was	the	influence	of	water.	Water	was	described	as	being	important	
because	of	the	flooding	in	the	village	and	also	because	of	the	impact	of	the	mine	upon	the	
local	water	table	(Quote	5.40).	The	water	was	described	as	having	an	integral	relationship	
with	the	local	clay	deposits	(Quote	5.41).	This	integration	of	the	water	with	a	particular	type	
of	subsurface	material	was	common	to	many	participants	of	the	Hemerdon	and	Sparkwell	
interviews.	
Quote	5.40	
Well,	you're	digging	deeper,	aren't	you?		Since	they	started	investigating	the	mine	up	
the	hill,	we're	getting	twice	as	much	water	running	down	the	road	and	running	out	
of	the	field.		It's	altered.		Something	has	changed	and	it's	altered	the	water	table	and	
if	you	say	it,	they	say	oh,	no,	no.		But	you	can't	go	digging	deep	and	not	expect	some	
change	to	come	about.	–	Hannah		
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Quote	5.41	
And	you	can	see	that	up	all	the	lanes	when	you	walk	up	the	lanes,	you	can	see	that,	
that	part	of	clay	there,	because	that’s	how	the	water,	that’s’	how	this	village	floods	–	
it	comes	off	the	clay	–	Holly		
	
5.4.6	3D	participatory	cube	results	of	subsurface	
In	a	similar	way	to	Carharrack,	the	non-expert	participants	of	Hemerdon	and	Sparkwell	did	
not	use	their	3D	cubes	in	the	same	3D	spatial	way	as	the	experts	did.	In	fact	the	participants	
from	Hemerdon	and	Sparkwell	had	even	less	interaction	with	more	than	one	side	of	the	
cube	than	the	participants	from	Carharrack.	In	a	similar	way	to	Carharrack,	the	new	
Drakelands	mine	was	frequently	the	focus	of	the	interaction	in	an	anthropocentric	
approach.	This	is	demonstrated	by	Hannah’s	diagram	on	the	Hemerdon/Sparkwell	block.	
Hannah	started	her	diagram	at	the	surface	by	referencing	the	location	of	the	tungsten	mine	
geographically	and	then	described	the	structure	of	the	future	extraction	before	adding	
detail	to	the	structure	of	the	future	mine	site	using	stickers	and	annotations	as	is	shown	in	
Figure	5.15.	The	focus	of	the	diagram	was	firmly	based	around	the	human	interaction	of	the	
mine	and	although	some	contextual	data	was	added,	Hannah’s	mental	model	appeared	
firmly	embedded	within	an	anthropocentric	perspective.	
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Figure	5.15.	An	annotated	image	of	Hannah’s	diagram	from	the	Hemerdon	and	Sparkwell	
cube.	The	numbers	represent	the	sequence	of	illustration,	with	additional	description	added	
from	verbal	discussion.	Hannah’s	diagram	shows	the	strong	anthropocentric	focus	of	her	
model	around	the	new	tungsten	mine,	with	many	conceptual	aspects	related	directly	to	
features	of	the	mine.	
	
However,	as	in	Carharrack,	there	was	diversity	of	detail	in	the	drawings	provided;	a	surfeit	
of	data	in	some	diagrams	contrasted	with	some	very	vague	drawings	on	others.	These	
drawings,	such	as	the	one	completed	by	Heather	and	shown	in	Figure	5.16,	focussed	on	
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granite,	identified	as	one	of	the	key	rock	types	in	the	area.	At	the	start	of	the	drawing,	
however,	Heather	was	talking	about	her	knowledge	of	where	the	water	was	in	the	valleys,		
continuing	a	discussion	she	was	having	earlier	in	the	interview	about	flooding	in	her	house	
coming	from	the	springs	in	the	valleys.	Heather	used	this	experience	to	describe	her	
conceptualisation	of	the	subsurface.	She	incorporated	the	water	with	the	granite,	but	was	
unable	to	include	any	more	detail.	By	doing	so,	Heather	demonstrated	another	type	of	
anthropocentric	model,	one	that	was	based	around	the	individual’s	personal	experience,	
including	only	data	that	had	been	witnessed	by	the	participant.	This	diagram	also	
demonstrated	another	of	the	key	concepts	of	the	Hemerdon	and	Sparkwell	interviews,	
which	was	the	regular	inclusion	of	water	in	the	subsurface	models.	As	mentioned	previously	
this	is	possibly	because	there	had	been	a	lot	of	flooding	in	the	village,	and	the	rest	of	the	
region	over	the	winter	and	so	it	was	very	present	in	many	people’s	discussions.	
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Figure	5.16	An	annotated	image	of	Heather’s	diagram	from	the	Hemerdon	and	Sparkwell	
cube.	The	numbers	represent	the	sequence	of	illustration,	with	additional	description	added	
from	verbal	discussion.	Heather’s	use	of	an	anthropocentric	model	related	closely	to	her	
personal	experience,	but	was	not	very	detailed.	However,	water	was	a	concept	present	in	
the	model	despite	the	generally	vague	nature	of	the	diagram.	
	
In	addition	to	the	importance	of	water	in	the	subsurface,	Hemerdon	and	Sparkwell	
produced	the	first	obvious	depiction	of	the	concept	of	small	to	large	stones	in	the	
subsurface,	as	is	shown	in	Hillary’s	diagram	in	Figure	5.17.	The	stones	were	described	as	
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increasing	in	size	until	the	hot	layer	of	‘lava’	was	reached.	Although	the	description	of	the	
subsurface	as	being	composed	of	stones	growing	in	size	had	been	mentioned	in	other	
interviews,	this	was	the	first	time	it	had	been	displayed	so	completely	in	a	subsurface	
model.	Hillary	described	the	structure	in	one	stage	and	added	detail	reluctantly,	indicating	
that	she	was	fairly	confident	in	the	mental	model	she	held,	and	didn’t	have	much	flexibility	
in	the	concepts.	Even	when	questioned	about	the	detail	she	was	unable	to	add	much	extra	
information	and	the	information	she	did	add	was	expressed	with	uncertainty.	Hillary’s	
diagram,	despite	the	interesting	description	of	stone	size,	does	represent	a	scientific	
approach,	in	that	similar	to	participant	models	from	Carharrack,	it	shows	layers	present	in	
the	subsurface	and	the	influence	of	temperature	on	the	subsurface	environment.		
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Figure	5.17	An	annotated	image	of	Hillary’s	diagram	from	the	Hemerdon	and	Sparkwell	
cube.	The	numbers	represent	the	sequence	of	illustration,	with	additional	description	added	
from	verbal	discussion.	Hillary’s	diagram	represents	a	geoscience-centric	model,	with	clear	
layers	and	a	logical	progression	of	materials.	However,	it	also	includes	the	concept	of	rocks	
getting	larger	towards	the	centre	of	the	earth,	a	concept	that	would	not	be	familiar	to	a	
geoscience	expert.	
	
In	a	similar	way	to	Carharrack	it	was	interesting	to	see	if	any	associations	existed	between	
different	factors	of	the	diagrams	depicted	on	the	Hemerdon	and	Sparkwell	cube	as	is	shown	
in	Table	5.7.	In	contrast	with	Carharrack,	it	was	interesting	to	see	that	all	the	participants	of	
Hemerdon	and	Sparkwell	started	their	diagrams	at	the	top,	in	the	same	way	as	the	expert	
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participants	did.	They	also	appeared	more	confident	to	draw	their	responses	on	the	cube,	
but	they	were	often	vague	and	lacking	in	detail.	All	the	participants	also	referenced	a	local	
feature,	rock	type	or	structure	(for	example	the	tungsten	mine)	when	doing	their	depictions,	
which	perhaps	accounts	for	the	reason	they	were	all	choosing	to	begin	their	diagrams	at	the	
surface.	There	had	also	been	some	data	previously	distributed	to	the	residents	about	the	
new	tungsten	mine,	which	included	a	proposed	schematic	of	the	mine,	shown	in	Figure	
5.18,	which	may	have	influenced	some	people’s	conceptual	models.	
	
Pseudonym	 Top	or	Bottom	
Dominantly	
geoscience-centric	
or	anthropocentric	
Detailed	drawing,	
vague	drawing	or	
stickers	
Locally	
specific?	
Henry	 T	 Geoscience-centric	 Vague	 Y	
Harold	 T	 Geoscience-centric	 Detailed	 Y	
Hugh	 T	 Anthropocentric	 Vague	 Y	
Hannah	 T	 Anthropocentric	 Detailed	-	Stickers	 Y	
Holly	 T	 Geoscience-centric	 Detailed	 Y	
Heather	 T	 Anthropocentric	 Stickers	 Y	
Howard	 T	 Geoscience-centric	 Stickers	 Y	
Hillary	 T	 Geoscience-centric	 Vague	 Y	
Average	 Top	 Geoscience-centric	 Vague	 Yes	
Table	5.7	A	table	to	show	the	different	factors	arising	from	the	Hemerdon	and	Sparkwell	
participants’	completion	of	the	3D	cube	diagrams.	
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Figure	5.18	A	proposed	schematic	for	the	tungsten	mine	at	Drakelands,	titled:	Computer	
generated	image	looking	north	at	the	Drakelands	Mine	feasibility	study	pit	showing	resource	
oreblocks	of	tungsten	mineralisation	(Wolf	Minerals,	2013).	Permission	to	reproduce	this	
image	granted	by	Wolf	Minerals	Ltd.	
	
5.4.7	Mental	models	diagram	for	Hemerdon	and	Sparkwell	
The	mental	model	for	Hemerdon	and	Sparkwell	was	constructed	in	the	same	way	as	the	
previous	non-expert	mental	model	for	Carharrack	(Figure	5.19)	with	the	cross	tabulated	
themes	available	in	Appendix	4.	The	model	from	Hemerdon	and	Sparkwell,	however,	is	
notably	different	as	it	has	a	much	greater	focus	on	the	details	connected	to	the	mine	at	
Drakelands.	In	both	aspects	of	community	impact	and	the	resource	extraction	the	model	
gains	nodes	in	addition	to	the	expert	model.	Similar	to	Carharrack	the	participant	model	
189	
	
gained	an	anthropocentric	element,	but	the	anthropocentric	approaches	used	differed	in	
that	they	did	not	represent	the	structure	of	a	subsurface	shaft	based	mine,	as	they	did	in	
Carharrack,	but	instead	were	connected	to	the	new	mine	site	at	Drakelands,	and	individual’s	
personal	experiences	of	the	area.	The	value	of	granite	was	once	again	specified	in	‘rock	
types’,	but	a	new	rock	type	was	added	–	the	red	sandstone	that	is	visually	striking	along	the	
coast	of	south	Devon.	It	appeared	that	there	were	more	participants	who	had	some	
practical	experience	in	a	geological	industry,	if	usually	in	a	non-geological	capacity	(for	
example	management	or	logistics)	in	Hemerdon	and	Sparkwell	than	either	of	the	other	two	
surveyed	villages.	There	was	also	a	much	stronger	divide	between	positive	and	negative	
attitudes	to	the	new	mine,	which	segregated	along	issues	of	community	and	economics.	
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Figure	5.19	Mental	model	of	perceptions	of	the	geological	subsurface	in	Hemerdon	and	
Sparkwell,	non-expert	only.	This	model	is	similar	to	the	Carharrack	model,	with	an	additional	
focus	on	nodes	connected	to	‘community’,	‘mining’	and	‘water’.	
	
5.5	Constructing	the	non-expert	model:	Chulmleigh	
As	Chulmleigh	was	the	control	site,	chosen	due	to	its	lack	of	connection	with	any	geological	
industry	or	heritage,	it	is	perhaps	not	surprising	that	the	themes	from	the	expert	would	not	
match	as	well	as	the	concepts	that	arose	from	both	Carharrack	and	Hemerdon	and	
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Sparkwell.	The	new	emergent	themes	were	present	and	were	more	generally	supported,	
but	overall	there	was	less	cohesion	in	participant	responses	in	Chulmleigh	than	the	other	
two	locations.	
	
5.5.1	Themes	which	match	the	experts’:	industry	and	landscape		
There	was	some	mention	of	geological	industry,	but	when	it	was	mentioned	it	was	vague	
(Quote	5.41),	and	considered	largely	irrelevant	to	the	local	area	(Quote	5.42).	On	the	whole	
when	participants	talked	about	industry	they	were	referencing	agricultural	industry,	and	not	
always	as	it	actually	related	to	any	geological	influence	(Quote	5.43).	One	of	the	key	expert	
themes	that	did	transfer	was	the	one	relating	to	landscape.	The	influence	of	man	on	the	
landscape	was	alluded	to,	but	was	also	very	emotional.	The	value	given	to	the	landscape	to	
their	sense	of	identity	was	present,	but	more	in	the	sense	of	it	having	shaped	the	farming	
communities	that	made	up	the	majority	of	the	ancestral	inhabitants	of	Chulmleigh	(Quote	
5.44).	
Quote	5.41	
Charlotte:	 Not	really	because	we’ve	only	really	got	the	old	quarry,	nothing	really	
happens	down	there.	
Interviewer:		 Do	you	know	what	they	were	quarrying?	
Charlotte:		 Stone.	I	believe	it	was	stone		
	
Quote	5.42	
It’s	very	much	a	livestock,	sheep,	um	arable	type.	I	mean	I	could	be	wrong,	but	in	my	
ordinary	knowledge,	I	don’t	think	any,	any	works	like	[mining]	have	particularly	been	
important	around	here.	–	Chloe		
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Quote	5.43	
‘Cos	I	farm,	I’m	absolutely	obsessed,	passionate	about	soil.	More	from	obviously,	I’m	
more,	topsoil	impacts	on	us	more,	but	topsoil	is	also	to	do	with	subsoil	and	with	
what’s	underneath	so	I’m	interested	in	water	tables,	and	also	the	moral-ness	of	
bringing	in	lime..	–	Christie		
	
Quote	5.44	
I	can't	see	the	geology,	unless	you	include	the	landscape,	the	actual	shape	of	the	
area,	which	I	suppose	is	sort	of	geology,	the	fact	that	it’s	a	hilltop,	presumably	could	
be	defended,	they’ve	built	up	this	area,	this	town	...	this	whole	area	relied	upon	
farming	and	sheep	farming	in	particular	and	that's	where	Chulmleigh	got	its	
precedence	from.	But	that	isn't	really	involved	in	geology	is	it.	So	I	can't	see	geology	
as	affecting	the	growth	of	this	area.	–	Christopher		
	
Discussions	of	fracking	provided	a	good	example	of	participants	linking	other	central	expert	
themes	such	as;	folding,	fracturing	and	faulting,	and	rock	types	to	a	topic	that	was	not	
directly	relevant	(Quote	5.45).	The	discussion	of	fracking	also	related	to	the	discussions	of	
other	resources.	Geological	resources	were	seen	to	be	something	found	in	Cornwall	and	
other	parts	of	Devon	or	related	to	fracking,	and	were	either	discussed	in	a	negative	light,	
often	connected	with	other	concerns	which	have	no	apparent	technical	relevance	or	
discussed	as	unknowns.	
	
Quote	5.45	
I	think	[fracking	is]	coming.	You	know	like	you	hear	about	something	like	a	wind	
turbine	and	before	you	know	it	they’re	everywhere.	You	start	to	hear	about	fracking	
in	different	parts	of	Devon	and	then	before	you	know	it	there’ll	be	one	up	the	road	
or	something,	because	you	don’t	really	know,	is	it	a	good	thing	is	it	a	bad	thing?	I	
don’t	think	it’s	a	good	thing	because	it’s	too	much	noise	and	disturbing	the	earth’s	
core	really.	And	I	mean,	you	don’t	know	what’s	down	there	do	you?	–	Charlotte		
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Finally	it	is	important	to	address	the	question	of	the	surface-	subsurface	relationship.	In	
Chulmleigh	what	was	most	noticeable	was	not	the	method	that	was	used	to	traverse	the	
surface	to	subsurface	boundary,	but	rather	the	absence	of	such	a	method.	Often	when	
discussing	what	existed	in	the	subsurface	the	participant	would	make	a	joke,	or	comment	on	
their	ignorance	(Quote	5.46).	This	was	far	more	common	in	Chulmleigh	than	either	
Carharrack,	or	Hemerdon	and	Sparkwell.	
	
Quote	5.46	
Interviewer:		 So	if	you	were	to	describe	what	you	think	is	directly	underneath	us	
right	now,	if	you	were	to	dig	straight	down	-	what	would	you	find?	
Chester:	 	Australia!	Don't	put	that	down	...	you’ll	think	I'm	an	idiot.	What	would	
we	find	here	-	oh	goodness:		rock...	I	really	don't	know.	We	can	find	
water	that's	for	sure,	the	farm	next	to	us	drilled	a	bore	hole	and	got	
water	straight	away.		
	
5.5.2	New	emergent	themes:	anthropocentric		
In	Chulmleigh	the	first	of	the	emergent	themes	mirrored	both	Carharrack	and	Hemerdon	
and	Sparkwell,	and	that	is	the	anthropocentric	theme.	It	was	most	often	expressed	in	vague	
way	or	a	general	way	(5.47).	In	Chulmleigh,	however,	participants	used	anthropocentric	
thinking	to	describe	how	humans	have	influenced	the	earth,	and	also	to	represent	some	
basic	ideas	about	the	structure	of	the	Earth	(Quote	5.48).	In	this	way	the	anthropocentric	
theme	was	far	less	focused	in	Chulmleigh	than	in	either	of	the	two	other	survey	villages.	
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Quote	5.47	
Well	layers	of	different	rocks	and	soils	and	the	fact	that	they’ve	been	moved	around	
by	history	–	Chloe		
	
Quote	5.48	
Well	I	think	it’s	just	solid	and	then	down	the	bottom	you’d	come	out	to	Australia.	It	
would	be	similar	there,	the	other	side	of	us	would	be	similar	you	know	soil,	stone,	
bits	where	gases	come	out,	but	I	think	the	actual	you	know	in	the	middle	of	the	Earth	
is	just	one	big	solid	stone	–	Charlotte		
	
5.5.3	New	emergent	themes:	agriculture	
One	of	the	emergent	themes	that	was	particularly	prominent	was	that	of	agriculture.	
Although	agriculture	was	a	theme	that	was	expressed	in	both	the	previous	two	survey	sites	
and	the	expert	interviews	to	some	extent,	nowhere	was	it	as	prominent	as	it	was	in	
Chulmleigh.	Unlike	the	expert	interviews	however	there	was	little	appreciation	about	how	
the	geology	of	the	region	had	influenced	the	type	of	agriculture,	but	instead	the	discussion	
of	agriculture	was	often	used	as	an	alternative	to	geology	(Quote	5.49	and	5.50).	For	some	
participants	the	dominant	type	of	agriculture	they	thought	of	when	asked	about	industry	in	
the	area	was	forestry	and	that	it	was	forestry	that	had	a	major	influence	on	the	quality	and	
viability	of	the	soils.	
	
Quote	5.49	
I	don’t	think	they	really	give	a	toss	because	‘what’s	it	got	to	do	with	me?’.	You	know.	
As	long	as	they	bring	the	gas	and	the	electricity	you	know.	I	wouldn’t	have	thought	
it’s	something	that	people	sit	in	a	pub	talking	about.	Farmers	perhaps	but	then	they	
are	talking	about	the	land.	–	Charles		
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Quote	5.50	
Chulmleigh	is	very	pastoral	-	I	don't	know	about	any	minerals	and	so	on.	–	Chester		
	
5.5.4	New	emergent	themes:	uncertainty	
The	final	emergent	theme,	which	has	already	been	partially	touched	upon,	was	that	of	
uncertainty.	Frequently	the	participants	of	Chulmleigh	mentioned	how	they	didn’t	know,	
were	unsure	(Quote	5.51),	described	themselves	as	ignorant	(Quote	5.52)	or	were	unable	to	
answer	(Quote	5.53).	Although	it	is	difficult	to	represent	this	uncertainty	in	quotes,	it	was	
often	present	in	the	interviews	in	the	forms	of	long	pauses,	an	uncertain	tone,	or	
dissembling.	This	theme	of	uncertainty	was	also	expressed	in	the	other	two	survey	villages,	
but	in	Chulmleigh	it	was	very	obvious.	
	
Quote	5.51	
How	would	I	show	you	what’s	underneath	Chulmleigh?	Well,	bearing	in	mind	I	don’t	
know	how	accurate	it	is...	–	Chelsea		
	
Quote	5.52	
I	suppose	we	talk	about	rocks	as	granite,	but	are	there	lots	of	different	types	of	
granite?	I	really	don't	know,	I'm	ignorant.	–	Chester		
	
Quote	5.53	
But	once	you	get	down	deeper	I	expect	that	that’s	where	you	get	back	into	real	hard	
rock	again,	but	quite	what	sort	of	rock	it	could	be	I	just	erm,	couldn’t	hazard	a	guess.	
–	Channing		
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5.5.5	3D	participatory	cube	results	of	subsurface		
In	both	of	the	previous	survey	sites	one	of	the	notable	features	was	that	none	of	the	non-
expert	participants	used	the	cube	in	the	same	3D	spatial	way	as	the	experts.	However	in	
Chulmleigh,	one	participant	did,	as	is	shown	in	Figure	5.20.	This	is	interesting	because	it	
means	that	the	participant	spontaneously	used	the	cube	in	the	same	way	as	the	experts	did	
–	as	a	three-dimensional	object,	rather	than	a	flat	drawing	board.	This	is	notable	for	two	
reasons;	firstly,	it	is	reassuring	to	the	interviewer	that	there	is	less	likely	to	be	any	
introduced	unconscious	bias	against	the	non-experts	using	the	cube	in	a	spatial	way.	
Secondly	it	indicated	that	the	3D	spatial	reasoning	approach	was	not	restricted	to	those	
participants	who	have	had	specialist	training	and	experience,	but	is	perhaps	more	likely	for	
those	who	have.	The	participant,	Christie,	is	a	farmer,	so	perhaps	her	field	of	expertise	
provides	her	with	some	greater	need	to	conceptualise	her	environment	in	3D,	but	without	
further	study	this	could	not	be	substantiated.	Christie	also	used	a	geoscience-centric	
approach	to	constructing	her	cube	and	connected	surface	features	with	subsurface	ones,	
most	notably	the	river.	However,	her	use	of	surface	features	was	applied	erroneously,	
concluding	that	the	subsurface	geology	follows	the	surface	topography	exactly,	with	no	
consideration	for	the	influence	of	different	rock	types.	
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Figure	5.20	An	annotated	image	of	Christie’s	diagram	from	the	Chulmleigh	cube.	The	
numbers	represent	the	sequence	of	illustration,	with	additional	description	added	from	
verbal	discussion.	This	photograph	shows	the	rare	use	of	a	non-expert	model	in	3D.	
Although	the	model	is	also	geoscience-centric	it	has	many	features	that	an	expert	
geoscientist	would	consider	to	be	‘wrong’.	
	
198	
	
Water	was	also	a	key	feature	of	Charlotte’s	cube,	shown	in	Figure	5.21.	Charlotte	also	used	a	
version	of	the	same	‘small	rocks	increasing	to	larger	rocks,	increasing	until	they	reached	the	
core’	conceptual	model	that	was	first	shown	in	Hillary’s	cube	diagram	(Figure	5.17).	This	
‘large	to	small	pebbles’	concept	was	also	one	that	was	used	by	many	of	the	Chulmleigh	
participants.		Charlotte,	however,	adds	an	additional	feature;	the	presence	of	an	
underground	river.	This	river	completely	divides	the	lower	levels	of	the	diagram	from	the	
upper	levels	and	directly	connects	to	the	river	at	the	surface.	Because	of	the	way	that	the	
diagram	has	been	constructed,	it	has	been	coded	as	a	‘geoscience-centric	conceptual	
model’,	but	the	features	used	in	the	model	are	anything	but	scientific.	The	central	presence	
of	water	was	as	important	to	the	participants	of	Chulmleigh	as	it	had	been	to	the	
participants	of	Hemerdon	and	Sparkwell,	however,	unlike	Hemerdon	and	Sparkwell,	
Chulmleigh	residents	were	not	mentioning	any	experiences	of	flooding	in	their	local	area.	
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Figure	5.21	An	annotated	image	of	Charlotte’s	diagram	from	the	Chulmleigh	cube.	The	
numbers	represent	the	sequence	of	illustration,	with	additional	description	added	from	
verbal	discussion.	Charlotte’s	diagram	highlighted	the	importance	of	water	in	the	subsurface	
and	although	the	model	is	primarily	a	geoscience-centric	one,	the	common	misconception	
of	water	following	defined	channels	in	the	subsurface	is	key.	
	
The	final	cube	diagrams	that	bear	closer	inspection	is	that	of	Chelsea,	as	is	shown	in	Figure	
5.22.	Chelsea	used	stickers	on	her	diagram,	but	was	one	of	the	few	participants	in	
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Chulmleigh	to	provide	details	about	the	type	of	rock.	Chelsea	used	a	repeating	concept	to	
describe	the	rock	types	beneath	her,	which	was	totally	different	to	any	of	the	other	
participants,	and	the	closest	to	the	expert’s	discussion	of	what	existed	beneath	the	surface	
of	Chulmleigh.	Chelsea	is	a	geography	teacher	and	mentioned	having	read	about	geology	“a	
bit”	for	her	exams,	but	her	level	of	knowledge	would	not	have	raised	her	to	the	level	of	
expert	for	the	purposes	of	this	study	(certainly	some	of	the	other	participants	across	the	
three	survey	sites	could	be	said	to	have	greater	technical	knowledge),	but	she	was	able	to	
recall	details	about	the	sequence	of	rocks	that	could	be	found	beneath	Chulmleigh.	The	
granite	was	incorrect,	but	understandable;	however,	during	when	discussing	the	drawing	
she	appeared	to	be	recalling	a	specific	set	of	information	about	the	area,	which	she	used	to	
construct	the	model.	
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Figure	5.22	An	annotated	image	of	Chelsea’s	diagram	from	the	Chulmleigh	cube.	The	
numbers	represent	the	sequence	of	illustration,	with	additional	description	added	from	
verbal	discussion.	Chelsea’s	diagram	demonstrated	a	very	geoscientific	concept	in	her	
model,	one	of	repeating	geological	formations,	which	in	Chulmleigh	is	a	very	accurate	
concept.	However,	her	model	had	no	local	specificity.	
	
One	of	the	most	interesting	features	about	the	Chulmleigh	cubes	was	how	little	participants	
used	locally	specific	data	when	drawing	their	diagrams.	The	diagrams	were	also	often	vague,	
consisting	of	a	few	lines	as	opposed	to	the	detailed	annotations	that	the	Carharrack	
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participants	produced,	which	is	demonstrated	in	Table	5.8.	All	but	one	of	the	Chulmleigh	
participants	used	a	so	called	geoscience-centric	approach	to	construct	their	conceptual	cube	
diagrams.	Despite	this,	their	conceptual	models	would	have	been	very	unfamiliar	to	any	
expert	attempting	to	communicate	with	them	as	they	all	used	some	extremely	unscientific	
concepts,	such	as	underground	rivers,	gradual	increases	of	rock	size	towards	the	core	and	
being	able	to	tunnel	through	to	Australia.	What	is	interesting	about	these	conceptual	
models	is	that	they	are	so	general.	Even	the	one	model	that	used	an	anthropocentric	
approach	was	so	vague	that	it	would	not	have	been	useful	out	of	the	context	of	the	
interview.	This	really	supports	the	observation	that	that	the	most	obvious	feature	of	the	
interviews	in	Chulmleigh	was	a	lack	of	specific	conceptual	information.	
	
Pseudonym	 Top	or	Bottom	
	Dominantly	
geoscience-centric	or	
anthropocentric	
Detailed	drawing,	
vague	drawing	or	
stickers	
Locally	
specific?	
Chloe	 T	 Geoscience-centric	 Vague	 N	
Christie	 B	 Geoscience-centric	 Vague	 N	
Charles	 B	 Geoscience-centric	 Detailed	 Y	
Chelsea	 T	 Geoscience-centric	 Stickers	 Y	
Christian	 T	 Geoscience-centric	 Detailed	 N	
Charlotte	 T	 Geoscience-centric	 Detailed	 N	
Channing	 T	 Geoscience-centric	 Vague	 N	
Christopher	 T	 Geoscience-centric	 Vague	 N	
Chester	 T	 Anthropocentric	 Vague	 N	
Average	 Top	 Geoscience-centric	 Vague	 No	
Table	5.8	A	table	to	show	the	different	factors	arising	from	the	Chulmleigh	participants’	
completion	of	the	3D	cube	diagrams.	
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5.5.6	Mental	models	diagram	for	Chulmleigh	
In	constructing	the	mental	models	diagram	for	Chulmleigh,	shown	in	Figure	5.23,	most	of	
the	expert	nodes	were	removed	or	replaced	by	alternates,	determined	by	the	cross	
tabulation	provided	in	Appendix	4.	This	is	because	of	all	the	villages	surveyed;	Chulmleigh	
had	the	least	in	common	with	the	expert	model.	Agriculture	was	given	a	specific	node,	
which	related	strongly	to	landscape	and	industry,	and	resources	were	altered	to	indicate	the	
more	national	concerns	of	the	Chulmleigh	participants.	Rock	type	and	rock	properties	were	
vague	and	unformed,	and	so	were	amalgamated	into	one	node,	which	the	description	of	a	
broader	structure	of	the	Earth	was	identified.	Heritage	and	history	came	to	the	fore	in	
relation	to	discussions	about	old	cob-style	houses	and	the	geology	of	the	local	church,	but	
there	was	no	community	relationship	with	historical	geology	in	the	same	way	that	there	was	
in	both	Carharrack	and	Hemerdon	and	Sparkwell.	
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Figure	5.23	Mental	model	of	perceptions	of	the	geological	subsurface	in	Chulmleigh,	non-
expert	only.	This	model	differs	from	those	produced	for	Carharrack	and	Hemerdon	in	the	
focus	on	‘landscape’	and	‘community’.	There	was	much	less	detail	provided	for	aspects	of	
the	geological	subsurface	than	in	other	locations	and,	perhaps	unsurprisingly,	human	
interaction	with	the	subsurface	was	less	important.	
	
5.6	Initial	reflection	on	qualitative	results	to	construct	the	general	non-expert	model	and	
the	comparative	model	of	the	geological	subsurface.			
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In	order	to	complete	the	second	stage	of	data	collection,	the	three	individual	mental	models	
were	combined,	taking	into	account	the	accumulation	of	different	key	themes	in	the	three	
different	villages.	As	a	result	a	combined	model	of	the	non-expert	and	expert	mental	models	
was	produced	and	is	shown	in	Figure	5.24.	
	
Figure	5.24	Expert	and	non-expert	mental	models	from	all	three	survey	villages	combined	to	
form	a	comparative	mental	model	for	the	geological	subsurface.	This	figure	shows	the	
importance	of	balancing	the	expert	and	non-expert	models,	as	there	are	as	many	new	nodes	
added	that	are	absent	from	the	expert	model	as	there	are	incomplete	nodes	missing	from	
the	non-expert	models.	
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By	examining	the	specific	concepts	related	to	both	the	expert	and	non-expert	nodes	it	was	
possible	to	see	where	the	concepts	matched	between	experts	and	non-experts,	where	there	
was	a	mismatch,	and	where	the	concepts	expressed	were	too	vague	to	identify	clearly	
either	way.	The	result	of	this	analysis	is	shown	in	Figure	5.25.	
	
Figure	5.25	Combined	mental	model	identifying	areas	of	expert	to	non-expert	match,	expert	
to	non-expert	mismatch	and	concepts	to	vague	to	be	correctly	identified.	This	diagram	
highlights	the	disconnect	between	experts	and	non-experts	to	exist	primarily	in	the	
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geological	subsurface,	and	that	transition	concepts	to	penetrate	this	layer	are	also	vague	or	
uncertain.	
	
What	is	obvious	from	the	diagram	in	Figure	5.25	is	that	the	major	areas	of	match	occur	in	
concept	that	are	located	in	the	visible	surface	region,	concepts	such	as	‘culture/community’,	
‘landscape’	and	‘heritage/history’.	Concepts	positioned	in	the	subsurface	were	far	more	
likely	to	portray	a	mismatch,	or	a	vague	or	incomplete	concept,	particularly	the	concepts	of	
‘layers’,	‘anthropocentric’	and	‘state	of	rock’.	These	mismatches	highlight	gaps	in	perception	
that	exist	both	for	the	expert	and	the	non-expert	and	are	linked	in	the	centre	of	the	diagram	
by	the	concept	‘surface	to	subsurface	relationship’.	Those	concepts	that	display	expert	to	
non-expert	mismatch	indicate	areas	which	require	closer	examination	as	they	are	sources	of	
disconnection	between	expert	and	non-expert	perception	of	the	geological	subsurface.	
These	are	areas	that	require	greater	focus	when	communicating	about	the	subject	and	as	
such,	are	areas	that	will	need	to	be	assessed	further	using	a	more	prescribed	method.	The	
second	stage	of	data	collection	on	public	perceptions	of	the	geological	subsurface	involved	
constructing	a	questionnaire	that	would	examine	in	greater	detail	these	areas	of	mismatch	
between	the	expert	and	the	non-expert.	In	the	next	chapter	the	method	of	constructing	the	
quantitative	questionnaire	will	be	explained,	following	on	from	the	issues	raised	in	the	first,	
qualitative	data	collection,	which	has	been	presented	in	this	chapter.	After	that	the	results	
from	the	questionnaire	will	be	brought	forward	to	challenge	the	mental	models	that	have	
been	created	during	the	qualitative	data	collection,	to	ensure	that	those	assumed	concepts	
are	held	within	the	broader	population.	
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Chapter	6	Testing	the	Mental	Models		
	
6.1	Introduction	
As	described	in	Chapter	4,	this	study	uses	a	mixed	methods,	mental	models	approach	to	
explore	the	public	perception	of	the	geological	subsurface.	The	previous	chapter	detailed	
the	construction	of	the	mental	models	using	qualitative	data,	this	chapter	will	discuss	the	
results	from	the	questionnaires	used	in	the	quantitative	testing	of	the	mental	models.		To	do	
this	the	chapter	will	outline	the	process	used	to	design	the	questionnaire,	which	was	based	
on	the	results	from	the	qualitative	data	collection	presented	in	Chapter	5.		
	
The	combined	mental	model,	formed	by	examining	the	results	of	the	interviews,	provided	
the	basis	for	the	questionnaire	and	language	from	the	interviews	was	used	directly	during	
the	questionnaire	construction	process.	The	inclusion	of	visual	or	diagrammatic	questions	
will	also	be	considered,	along	with	the	method	for	their	design.	The	results	of	the	
questionnaire	will	be	presented,	first	according	to	the	main	sections	of	the	questionnaire,	
then	by	region	surveyed.	The	questionnaire	was	formed	of	four	sections,	Sections	One,	Two	
and	Three	were	concerned	with	testing	the	aims	of	this	study	in	the	context	of	the	mental	
models	as	will	be	described,	and	Section	Four	with	collecting	necessary	demographic	data.	A	
general	assessment	and	analysis	of	the	data	will	also	be	presented,	with	a	discussion	of	the	
use	of	descriptive	comparative	statistics	in	exploring	the	results.	Finally	the	results	from	the	
questionnaire	will	be	compared	to	the	mental	model	as	described	in	Chapter	5,	to	assess	the	
validity	of	the	model	within	a	broader	population.	At	this	point	limitations	of	this	stage	of	
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the	study	will	also	be	highlighted,	in	order	to	properly	address	questions	of	reliability	in	the	
research.	This	will	prepare	for	the	comparative	discussion	of	the	results	of	both	the	
qualitative	and	quantitative	data	collection	in	Chapter	7.	
	
6.2	Questionnaire	design	
The	questionnaire	for	the	collection	of	the	quantitative	data	was	designed	using	the	
combined	mental	models	framework	as	a	scaffold.	The	combined	mental	models	framework	
(Figure	5.25)	used	27	nodes	to	represent	the	ideas	expressed	during	the	semi-structured	
interviews	with	both	the	expert	and	non-experts	as	was	described	in	Chapter	5.		Although	
the	combined	mental	model	was	designed	to	comprehensively	include	all	topics	raised	by	
the	participants,	some	concepts	were	more	closely	aligned	with	the	question	of	‘what	exists	
in	the	geological	subsurface’	than	others.	Also	some	ideas	were	more	frequently	expressed	
and	more	central	to	the	model.	These	central	and	more	prominently	mentioned	ideas	
included:	
• Surface-subsurface	relationship	
• Landscape	
• Rock	types	
• Properties	of	rock	(i.e.	rock	structure)	
• State	of	rock	(i.e.	faults	and	fractures	and	stability)	
	
Of	the	themes	listed	in	the	model	described	in	Chapter	5,	several	were	deemed	to	be	
tangential,	including:	‘minerals’,	‘formation	of	minerals’,	‘flooding’,	‘agriculture’,	‘engine	
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houses’,	‘employment’	and	‘economics’.	Although	valuable	to	the	public	perception	model	
(Figure	5.25),	the	questions	relating	to	these	nodes	were	removed	in	order	to	streamline	the	
questionnaire	and	make	it	easier	to	follow.	Some	of	the	nodes	that	were	no	longer	
addressed,	such	as	‘employment’	and	‘economics’,	were	clear	tangential	subjects	whose	
relevance	was	more	clearly	covered	by	other	nodes	such	as	‘culture/community’,	or	
‘industry’.	Although	‘flooding’	is	relevant,	in	the	context	of	the	subsurface	specifically	the	
topic	was	more	clearly	covered	by	the	nodes	of	‘shafts/tunnels/underground	rivers’	and	
‘water’.	‘Agriculture’,	similarly,	was	a	concept	that	was	limited	to	the	surface	by	most	
participants,	and	although	the	relationship	between	subsurface	geology	and	surface	
agricultural	practice	and	perception	is	interesting,	the	broader	topic	of	how	the	subsurface	
influences	the	surface	was	covered	more	plainly	by	the	nodes	of	‘surface-subsurface	
relationship’	and	‘landscape’	nodes.	‘Engine	houses’	were	more	of	an	obvious	connection	
between	the	‘surface-subsurface	relationship’	and	‘mining’,	and	indicated	an	
anthropocentric	view	of	the	subsurface,	but	were	geographically	specific	to	Cornwall.	Even	
when	participants	in	Devon	mentioned	engine	houses,	they	used	them	in	the	context	of	
Cornwall,	thus	drawing	their	thoughts	away	from	their	own	local	subsurface.	As	this	was	
something		the	researcher	wanted	to	avoid,	‘engine	houses’	was	omitted	from	the	
questionnaire	themes.	
	
Finally	the	two	nodes	referencing	minerals	appear	to	be	unique	in	their	location	within	the	
model,	but	in	fact	for	most	participants,	the	‘minerals’	was	generally	represented	either	as	
an	individual	species	or	by	a	list	of	mineral	types	with	little	additional	detail.	The	
descriptions	of	‘mineral	formations’	were	rarely	used	in	any	other	context	than	that	of	
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moving	between	the	stated	mineral	type(s)	and	the	descriptions	of	mining	experiences.	As	a	
consequence	it	was	decided	that	the	detail	represented	by	the	‘minerals’	and	‘formation	of	
minerals’	nodes	represented	a	more	fact-based	aspect	of	the	individual’s	conceptual	model,	
which	was	reliant	on	rote	repetition	of	information,	rather	than	a	constructed	mental	
model.		
	
Having	decided	on	which	nodes	would	be	used	to	construct	the	questionnaire,	the	
statements	were	written	using	the	language	of	the	interview	participants,	to	ensure	a	
reasonable	level	of	shared	language	(Bryman,	2015).	The	questionnaire	was	divided	into	
four	sections:	the	confidence	about	knowledge,	information	and	discussion	section;	the	
statements	section;	the	visual	questions	section;	and	the	demographics	section.	
	
6.2.1	The	structure	of	the	questionnaire	
In	order	to	write	the	questionnaire,	the	key	nodes	from	the	combined	mental	models	were	
identified	and	then	statements	were	written	to	address	these	key	nodes.	All	the	questions	
were	written	as	statements	in	order	to	allow	answers	on	a	bipolar	Likert	scale	of	agreement	
(Likert,	1932).	It	was	chosen	to	use	a	five	point	bipolar	scale	to	allow	for	different	degrees	of	
agreement	or	disagreement	with	the	statement.	It	was	also	decided	to	include	an	‘I	don’t	
know’	option	as	well	as	a	‘neutral’	option	to	allow	participants	to	not	only	state	when	they	
did	not	know	the	answer	to	the	question,	but	also	to	allow	participants	who	felt	no	strong	
opinion	or	were	not	confident	to	check	the	‘don’t	know’	option	to	provide	an	answer.	A	
great	deal	of	debate	surrounded	whether	or	not	to	have	a	neutral	alternative	as	it	basically	
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represented	a	‘no	opinion’	answer,	which	was	considered	in	the	context	of	the	
questionnaire	to	represent	‘I	don’t	know’	or	‘I	don’t	have	enough	information’,	however	it	
was	decided	to	leave	the	middle	alternative	as	well	as	an	‘I	don’t	know’	in	order	to	avoid	
forced	directional	responses	(Sturgis	et	al.,	2014).	
For	each	statement,	a	series	of	rules	were	outlined:	
• No	statement	would	include	concepts	covered	by	more	than	four	nodes,		
• The	concepts	had	to	be	linked	into	a	single	reasonable	question,	
• Where	possible,	language	from	the	semi-structured	interviews	would	be	used	in	the	
questions	
	
In	some	cases	the	node	for	a	concept	was	identified	even	if	the	concept	was	marginal	to	the	
statement.	The	relationship	between	statements	written	for	the	questionnaire	and	nodes	
from	the	combined	mental	model	is	shown	in	Table	6.1.		
	
213	
	
	
su
rfa
ce
-s
ub
su
rfa
ce
	
ro
ck
	ty
pe
s	
pr
op
er
tie
s	o
f	r
oc
k	
st
at
e	
of
	ro
ck
	
ea
rt
h'
s	s
tr
uc
tu
re
	
la
ye
rs
	
an
gl
ed
	d
ep
os
its
	
so
il-
ro
ck
	b
ou
nd
ar
y	
m
in
er
al
s	
fo
rm
at
io
n	
of
	m
in
er
al
s	
m
in
in
g	
pe
rip
he
ra
l	s
en
se
s	
an
th
ro
po
ce
nt
ric
	
sh
af
ts
/t
un
ne
ls/
	
un
de
rg
ro
un
d	
riv
er
s	
ec
on
om
y	
fe
ar
	
w
at
er
	
flo
od
in
g	
cu
ltu
re
/c
om
m
un
ity
	
in
du
st
ry
	
em
pl
oy
m
en
t	
un
iq
ue
	
ag
ric
ul
tu
re
	
he
rit
ag
e/
hi
st
or
y	
en
gi
ne
	h
ou
se
s	
la
nd
sc
ap
e	
po
llu
tio
n/
w
as
te
	g
ro
un
d	
Rocks	are	very	important	to	the	history	of	the	Westcountry.	
	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 x	 	 	 	
New	mining	is	just	an	extension	of	the	historical	mining	that	is	our	heritage.	
	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 x	 	 	 	 x	 	 	 	
New	geological	industry	(e.g.	mining)	would	change	the	community	in	my	area.	
	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 x	 x	 	 	 	 	 	 	 	
People	born	and	raised	in	the	Westcountry	think	about	local	geology	differently	to	people	not	born	here.	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 x	 	 	 	
Old	mining	areas	are	waste	ground	and	should	be	improved	to	look	better.	
	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 x	 x	
If	there	has	been	mining	in	an	area	then	the	ground	is	broken	and	unsafe.	 x	 	 	 x	 	 	 	 	 	 	 	 	 	 x	 	 x	 	 	 	 	 	 	 	 	 	 	 	
Smaller	rocks	are	found	nearer	the	surface	and	larger	rocks	are	found	deeper	beneath	the	surface.	 x	 	 	 	 x	 x	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
New	geological	industry	(e.g.	mining)	would	cause	damage	to	the	rock	beneath	me.	 x	 	 	 x	 	 	 	 	 	 	 x	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	
The	deeper	you	go	underground,	the	colder	the	rocks	become.	 x	 	 x	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
The	type	of	soil	in	an	area	depends	on	the	type	of	rock	that	is	underneath	it.	
	 x	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
If	you	see	slate	rock	sticking	out	at	the	top	of	a	hill	that	means	that	the	hill	is	made	of	slate.	 x	 x	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
If	a	rock	is	hard	then	it	forms	a	solid	layer.	
	 	 x	 	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
A	fault	in	the	rock	means	that	it	is	unstable.	
	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	
Granite	is	a	very	soft	rock	that	breaks	easily.	
	 x	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	
Water	cannot	flow	through	solid	rock.	
	 	 x	 x	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 	 	 	 	 	 	 	 	 	
If	you	see	a	granite	tor	at	the	top	of	a	hill,	that	means	the	hill	is	made	of	granite.	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
Water	naturally	forms	channels	underground	in	order	to	flow	through	rock.	
	 	 x	 x	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 	 	 	 	 	 	 	 	 	
Rock	layers	in	the	Earth	are	solid	and	unmoving	(except	in	extreme	cases	like	an	earthquake).	
	 	 x	 x	 	 x	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	
Most	of	the	material	within	the	top	mile	(1.6km)	below	us	is	influenced	by	people	–	ancient	structures,	
human	waste,	etc.	 x	 	 	 	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	
Where	there	is	a	river	in	a	valley,	it	means	that	there	is	a	lot	of	water	under	the	rocks	beneath	it.	 x	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 	 	 	 	 	 	 	 x	 	
The	type	of	rock	in	an	area	changes	the	way	that	the	landscape	looks.	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
The	temperature	of	the	rocks	increase	the	closer	they	are	to	the	centre	of	the	Earth.	
	 	 x	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Like	an	onion,	the	Earth	is	made	up	of	rings	of	rock	and	magma.	
	 	 	 	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
If	you	dig	down,	there	are	lots	of	different	types	of	soil	before	you	get	to	the	rock.	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
The	way	the	landscape	looks	is	because	the	geology	underneath	is	the	same	shape.	 x	 	 	 	 	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
The	most	common	rock	in	Devon	and	Cornwall	is	granite.	
	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 x	 	
Table	6.1	statement	association	with	nodes	as	identified	in	the	combined	model.
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In	addition	to	the	statement	questions,	it	was	also	decided	to	add	a	section	on	participant	
confidence	with	the	issues.	This	is	because,	as	was	described	in	Chapter	2,	a	significant	
section	of	the	literature	on	geoscience	literacy	describes	an	Earth	Science	literate	person	as	
someone	who	can	confidently:	
• find	and	assess	scientifically	credible	information	about	Earth	
• communicate	about	Earth	science	in	a	meaningful	way	
• make	informed	and	responsible	decisions	regarding	Earth	and	its	resources	
(Earth	Science	Literacy	Initiative,	2009	page	1)	
	
Therefore	it	was	considered	important	to	include	questions	that	explored	the	participants’	
confidence	in	finding	information,	discussing	geoscience	issues	and	knowing	about	local	
issues	that	might	impact	them.	This	question	was	not	provided	with	an	‘I	don’t	know’	option,	
but	was	given	a	‘neutral’	alternative.	It	was	also	decided	to	include	a	question	relating	to	the	
degree	of	influence	that	geoscience	issues	might	be	having	on	their	day-to-day	lives.	This	
question	asked	participants:	‘In	the	last	seven	days	I	have	thought	about	something	to	do	
with	geology:’	
• Not	at	all	
• Once	or	twice	(1-2	days)	
• Often	(3-6	days)	
• Every	day	(7	days)	
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This	question	was	designed	to	not	only	highlight	locations	where	geology	might	be	more	of	a	
current	(and	therefore	present)	issue	in	the	everyday	lives	of	the	participants,	but	also	to	
identify	those	participants	who	might	have	a	stronger	personal	level	of	interest	in	geology	
than	others.	This	approach	was	taken	in	an	attempt	to	ensure	that	the	potential	influence	of	
the	survey	being	completed	by	only	geoscience-interested	persons	is	accounted	for.	In	a	
similar	vein,	a	space	was	added	at	the	end	of	the	survey	to	allow	participants	to	add	any	
additional	information	that	they	want	to	share	about	their	area,	knowledge	or	interest	that	
may	not	have	been	covered	by	the	questionnaire.	
	
The	questions	relating	to	the	individual’s	confidence	in	their	own	understanding		of	
geoscience	knowledge	and	issues	was	placed	at	the	beginning	of	the	questionnaire	to	give	
the	participant	a	feeling	of	confidence	(Bryman,	2015).	By	placing	the	opinion	based	
‘confidence’	questions	in	Section	One,	the	participant	was	encouraged	to	answer	as	they	
believed,	instead	of	providing	what	they	presumed	to	be	the	‘correct	answer’	in	a	form	of	
the	good-participant	effect	where	the	participant	provides	the	answer	they	think	is	needed	
by	the	researcher	as	opposed	to	the	one	that	they	actually	hold	(Nichols	and	Maner,	2008).	
Because	of	this	consideration,	the	confidence	questions	form	Section	One	and	the	statement	
questions	form	Section	Two	of	the	questionnaires.	Section	Three	of	the	questionnaire	
attempts	to	explore	the	visual	element	of	the	study,	by	investigating	how	participants	
visualise	their	immediate	(or	local)	subsurface	and	their	ability	to	connect	geological	features	
to	subsurface	geology	in	three	dimensional	space.	Section	Four	of	the	questionnaire	was	
concerned	with	demographic	data,	and	similarly	to	the	interviews	it	collected	a	defined	set	
of	data	about	each	participant,	including:	
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• Gender	
• Education	
• Employment	status	
• Age	
• Length	of	time	resident	in	region	
• Postcode	group	
	
This	provided	a	comparative	set	of	demographic	data	to	the	interviews	allowing	for	the	
distribution	of	participants	to	be	analysed.	As	the	questionnaire	was	distributed	both	by	post	
and	online	it	was	not	an	aim	of	this	stage	of	data	collection	to	be	representative	of	the	
populations,	but	merely	to	use	voluntary	responses	to	generate	a	broader	sample	of	the	
three	village	populations.	
	
6.2.2	Designing	the	visualisation	of	the	subsurface	question	
The	first	question	of	the	visual	section	of	the	questionnaire	directly	examined	the	conceptual	
models	of	what	the	participants	visualised	in	their	local	areas.	Six	conceptual	models	were	
created,	three	that	were	geologically	accurate	or	that	equated	to	an	expert	match	(if	
simplified)	with	one	representing	the	geology	of	each	survey	location	(Figures	6.1,	6.2,	6.3)	
and	three	that	represented	the	dominant	mismatch	concepts	(Figures	6.4	and	6.5),	one	of	
which	was	the	anthropocentric	conceptual	model	(Figure	6.4).	The	expert	match	models	
were	initially	planned	to	be	created	as	simplified	versions	of	the	expert	diagrams	presented	
during	the	expert	interviews.	However	these	diagrams	proved	to	be	too	difficult	to	simplify	
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into	a	homogenous	diagram,	that	would	be	still	be	comprehensible	to	a	non-expert.	This	
meant	that	the	use	of	any	technical	language	or	symbols	not	used	during	the	non-expert	
interviews	was	prohibited,	which	restricted	the	amount	of	visual	information	that	could	be	
translated.	As	a	result	it	was	decided	to	create	an	amalgamation	of	the	pairs	of	geological	
diagrams	that	also	incorporated	geological	data	presented	verbally	during	the	interviews.	
Because	of	the	advanced	level	of	geological	training	of	the	researcher,	it	was	deemed	
reasonable	that	the	researcher	would	be	able	to	act	as	a	proxy	for	the	experts	in	simplifying	
and	combining	the	pairs	of	expert	models	into	logical	wholes.	As	such	the	three	expert	
diagrams	were	drawn	as	is	demonstrated	in	Figures	6.1,	6.2	and	6.3,	in	combination	with	
their	expert	pairs.	
	
	 	
Figure	6.1	Simplified	expert	match	diagram	for	Carharrack,	with	the	diagrams	drawn	by	
Ethan	and	Eric.	
219	
	
	 	
Figure	6.2	Simplified	expert	match	diagram	for	Hemerdon/Sparkwell,	with	the	diagrams	
drawn	by	Elliot	and	Edmund.	
	 	 	
Figure	6.3	Simplified	expert	match	diagram	for	Chulmleigh,	with	the	diagrams	drawn	by	
Edgar	and	Emmett.	
	
The	three	mismatch	diagrams	represented	the	three	most	dominant	misconceptions	
represented	by	the	non-expert	participants.	These	were	‘stones	get	larger	towards	the	
centre	of	the	earth’,	‘the	Earth’s	layers	form	in	regular	layers	to	the	core’	and	‘only	human	
structures	are	present	in	the	subsurface’.	The	third	option	‘only	human	structures	are	
present	in	the	subsurface’	is	also	known	as	the	anthropocentric	model	as	defined	in	Chapter	
5.	In	the	case	of	this	diagram	it	was	chosen	to	represent	a	generic	mine	structure,	as	this	was	
frequently	how	the	participants	that	demonstrated	this	concept	model	would	choose	to	
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show	it.	The	other	two	mismatch	models	were	classified	as	the	geoscience-centric	
mismatches.	All	three	of	the	mismatch	models	were	based	upon	non-expert	participant	
interviews,	but	were	generalised	when	being	presented.	They	are	shown	in	Figures	6.4,	6.5	
and	6.6.	
	
			 	
Figure	6.4	Simplified	geoscience-centric	mismatch	model	showing	‘stones	get	larger	towards	
the	centre	of	the	earth’,	with	diagram	from	Hillary.		
	
		 	
Figure	6.5	Simplified	geoscience-centric	mismatch	model	showing	‘the	Earth’s	layers	form	in	
regular	layers	to	the	core’	with	diagram	from	Charles.	
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Figure	6.6	Simplified	anthropocentric	mismatch	model	showing	‘only	human	structures	are	
present	in	the	subsurface’	with	diagram	from	Kara.	
	
	It	was	important	that	all	diagrams	represented	the	same	level	of	detail,	as	in	initial	diagrams	
the	mismatch	diagrams	had	no	geological	labelling,	unlike	the	match	diagrams.	This	choice	
was	intentional,	as	part	of	the	difference	between	the	expert	and	the	non-expert	diagrams	
was	the	level	of	detail	(or	lack	thereof)	in	the	diagram.	However,	upon	trialling	the	images	
with	a	sample	pilot	group,	it	was	reported	that	those	diagrams	with	less	detail	were	
perceived	to	be	the	‘wrong’	answer,	even	when	they	most	accurately	represented	the	
individual’s	conceptual	model.	In	order	to	reduce	the	influence	of	any	perception	of	a	‘right’	
or	‘wrong’	answer,	detail	of	rock	types	was	added	to	all	diagrams.	Although	this	could	be	
seen	to	reduce	the	representative	nature	of	the	questionnaire,	especially	for	the	non-expert	
diagrams,	it	was	decided	that	it	was	better	to	attempt	to	reduce	a	possible	external	
influence,	than	to	allow	for	an	acknowledged	flaw	in	the	design	to	impact	data	collection.	In	
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addition	it	was	decided	to	unobtrusively	provide	a	scale,	so	that	those	participants	who	
wished	to	use	a	numerical	scale	could	do	so.	Thus	in	the	bottom	right	hand	corner	of	the	
diagram	it	read:	‘Scale	of	diagrams	is	1mile	depth	(or	1.6km)’.		
	
Finally	it	was	decided	that	in	this	question,	participants	would	be	able	to	select	up	to	two	
choices	in	response	to	the	question:	‘Which	of	the	following	diagrams	do	you	think	best	
represents	what	is	underneath	you	right	now’.	This	is	because	some	people	in	the	interviews	
demonstrated	aspects	of	more	than	one	model,	and	it	is	likely	that	some	people	have	a	
combination	of	types.	There	was	also	a	loose	indication	from	the	interviews	than	one	type	of	
mismatch	model	might	be	common	in	each	location,	and	the	researcher	wanted	to	explore	
whether	or	not	this	trend	did	actually	exist,	but	not	to	bias	the	participant	from	choosing	an	
expert	match	answer	at	the	same	time.	
	
6.2.3	Designing	the	3D	spatial	reasoning	question	
From	the	data	collected	during	the	semi-structured	interview	phase,	it	seemed	important	
from	the	way	that	the	experts	casually	used	surface	cues	to	develop	three-dimensional	
conceptualisations	of	the	geological	subsurface,	when	the	non-experts	did	not,	that	this	had	
to	be	tested	as	a	part	of	the	questionnaire.	In	order	to	explore	the	way	that	participants	
connected	the	surface	and	subsurface	using	3D	spatial	reasoning,	it	was	decided	to	use	an	
image	more	similar	to	those	used	by	Kali	and	Orion	(1996)	displayed	in	Figure	6.7.	These	
diagrams,	although	far	more	complex	than	would	be	required	for	this	test,	encourage	the	
participant	to	depict	their	skills	in	3D	visual	penetrative	ability,	which	connects	cues	from	
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one	plane	onto	another.	Although	Kali	and	Orion’s	test	was	targeted	at	high	school	students,	
the	complexity	of	the	cube	diagrams	was	considered	to	be	too	advanced	for	the	non-expert	
participants	and	so	the	technique	was	simplified.	
	
	
Figure	6.7	3D	penetrative	visualization	assessment	by	Kali	and	Orion	(1996).	Permission	to	
reproduce	this	image	has	been	granted	by	Wiley.	
	
Initially	the	design	for	this	question	involved	creating	a	block	model	with	cues	on	more	than	
one	surface.	Instead	of	asking	the	participants	to	project	inside	the	cube	they	were	asked	to	
complete	one	surface	of	the	cube.	In	the	method	used	by	Alles	and	Riggs	(2011)	the	
participant	is	given	a	guide	from	by	the	top	surface	of	the	cube,	which	they	then	use	
penetrative	3D	spatial	reasoning	to	construct	the	other	two	surface	and	the	cross	section.		
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In	order	to	make	this	process	easier	for	the	non-expert	it	was	decided	not	to	include	a	cross	
section,	and	to	provide	multiple	choices	to	complete	the	unfinished	side.	It	was	decided	to	
provide	a	visually	representative	landscape,	with	three	surface	based	cues:	a	granite	tor	to	
indicate	the	granite	body	beneath;	a	simplified	derrick	or	tower	identified	as	a	mine	to	
signify	human	activity	(indicating	the	presence	of	the	edge	of	the	granite	and	the	beginning	
of	the	slate);	and	a	river	which	had	no	relationship	to	the	geological	type	beneath	the	
surface.	The	reason	for	the	inclusion	of	the	irrelevant	river	feature	was	to	explore	
misconceptions	surrounding	importance	of	water	in	subsurface	environment,	which	was	
expressed	by	several	non-expert	participants.	In	addition	an	alternative	choice	on	the	
multiple	choice	answers	provided	the	option	to	select	a	single	granite	unit,	which	
represented	a	common	statement	associating	granite	as	the	most	common	and	dominant	
rock	in	the	southwest.	By	providing	participants	with	the	option	to	select	whichever	
combination	of	answers	they	wished,	the	question	provided	the	researcher	with	the	
opportunity	to	examine	how	participants	linked	the	two	blank	sides	together.	Would	the	
surface	features	override	logical	connections	between	pairs	of	images,	or	would	the	
conceptual	models	be	firm?	The	final	diagram	for	the	spatial	reasoning	question	is	presented	
in	Figure	6.8.	
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Figure	6.8	The	final	diagram	for	the	3D	spatial	reasoning	question	for	the	questionnaire.	
	
6.3	Administering	the	questionnaire		
The	questionnaire	was	distributed	by	both	postal	and	online	methods	to	the	three	villages	
that	were	surveyed	in	the	qualitative	data	collection	stage.	In	order	to	create	a	larger	data	
set	that	would	be	suitable	for	quantitative	analysis,	it	was	decided	that	the	postal	area	
selected	would	cover	the	villages	themselves	and	all	properties	within	the	postcode	
designated	area	that	also	contained	the	villages.	Using	a	Royal	Mail	postal	delivery,	5214	
letters	were	sent	out	to	the	three	study	areas,	covering	all	residential	properties.	In	order	to	
secure	a	high	response	rate	to	the	surveys,	a	cover	letter	explaining	the	aim	of	the	project,	
some	details	of	the	study	(but	not	enough	to	influence	the	results)	and	the	contact	details	of	
the	researcher	was	included	with	the	questionnaire.	One	questionnaire	was	sent	per	
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household,	but	a	link	to	an	online	duplicated	copy	of	the	questionnaire	was	also	provided	if	
more	than	one	resident	of	the	household	wished	to	respond.	A	freepost	envelope	was	also	
included	in	the	mail	shot	(see	overview	in	Figure	6.9).		
	
	
Figure	6.9	Contents	of	the	postal	questionnaire	distribution.	
	
The	online	survey	was	created	using	the	Survey	Monkey	website.	As	far	as	was	possible	the	
online	version	had	exactly	the	same	format	and	response	options	as	the	paper	
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questionnaire.	Adverts	were	placed	with	the	local	parish	newsletters	to	explain	the	letters,	
and	emails	were	sent	to	all	participants	who	had	provided	an	email	address	during	the	
interview	stage,	as	well	as	the	representatives	of	the	parish	councils	to	promote	the	second	
stage.	Despite	these	attempts	there	was	a	fairly	poor	response	to	the	questionnaire,	an	
initial	response	of	only	213	participants.	A	second	email	appeal	was	sent	to	the	parish	
councils	and	participants,	which	gathered	an	additional	fifteen	responses	for	a	total	
response	of	228	returns.	One	returned	questionnaire	was	removed	from	the	analysis	due	it	
having	been	not	completed	except	for	a	criticism	of	the	nature	of	research	funding.	Thus	the	
total	number	of	surveys	analysed	was	227.		
	
6.4	Focus	of	the	analysis	and	general	results	from	individual	locations		
The	main	aim	of	the	questionnaire	was	to	test	the	mental	model	of	the	perception	of	the	
geological	subsurface,	as	described	by	participants	in	the	qualitative	semi-structured	
interviews	data	collection.	By	applying	the	statements	drawn	from	those	data	to	a	broader	
population	it	would	possible	to	see	to	what	extent	the	perceptions	revealed	in	the	
qualitative	study	apply	to	broader	populations.	The	questionnaire	was	also	assessing	the	
degree	to	which	public	confidence	in	those	aspects	identified	by	the	Earth	Science	Literacy	
Principles	(Earth	Science	Literacy	Initiative,	2009)	as	being	important	to	literacy	(other	than	
as	related	to	science	content).	The	questionnaires	were	therefore	connected	to	the	first	
three	of	the	four	aims	of	this	research:	
1. What	are	the	perceptions	of	geoscience	in	the	three	villages	under	study	(and	
how	is	that	visualised	both	at	a	conceptual	and	local	level)?	
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2. How	does	geoscience	perception	relate	to	perceptions	of	‘the	subsurface’	in	
particular?	
3. How	does	this	geoscience	perception	relate	to	levels	of	knowledge	and	
confidence	in	comparison	to	the	expert	perceptions	of	the	same	topics	(in	other	
words:	what	is	the	geoscience	literacy	of	the	non-expert	participants)?	
	
The	results	from	the	questionnaires	were	scored	first	from	one	to	five,	where	‘one’	was	
equivalent	to	the	answer	‘strongly	agree’	and	‘five’	was	equivalent	to	‘strongly	disagree’.	
‘Neutral’	scored	as	‘three’	and	‘I	don’t	know’	was	scored	as	‘zero’	and	therefore	defined	as	a	
‘missing’	value	by	for	the	purposes	of	statistical	analysis.	In	order	to	check	the	broader	
results	of	the	questionnaire,	all	questions	from	Section	Two	and	Three	were	scored	based	on	
the	degree	to	which	they	gave	the	same	answer	as	the	expert,	or	provided	an	‘expert	
match’.	The	answers	to	the	two	sections	were	then	re-scored,	where	‘one’	was	equal	to	a	
‘strong	mismatch’	and	‘five’	was	‘strong	match’.	The	scores	for	‘neutral’	and	‘I	don’t	know’	
remained	the	same.	As	there	were	degrees	of	combination	of	the	answers	provided	in	
Section	Three,	a	more	detailed	description	of	the	scoring	mechanism	will	be	provided	with	
the	results	to	those	questions.	The	full	set	of	responses	to	the	questionnaires	is	provided	in	
Appendix	5.	
	
The	questions	in	Section	Two	were	divided	into	factual-based	questions,	such	as:	‘Where	
there	is	a	river	in	a	valley,	it	means	that	there	is	a	lot	of	water	under	the	rocks	beneath	it’	
and	opinion-based	questions,	such	as:	‘Old	mining	areas	are	waste	ground	and	should	be	
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improved	to	look	better’.	These	statements	were	separated	because	an	opinion	based	
question	may	provide	a	more	subjective	answer	than	a	factual-based	question	and	by	
dividing	the	two	sets;	it	was	possible	to	see	if	this	was	the	case.	A	representation	of	how	the	
questions	were	divided	is	available	in	Table	6.6.	
	
6.4.1	Results	from	Carharrack	
Section	One	 Strongly	Agree	 Agree	 Neutral	 Disagree	
Strongly	
Disagree	
I	feel	confident	in	talking	about	geology	
or	geology-related	ideas	with	my	friends	
and	neighbours.	
7.7%	
	
38.5%	 26.9%	 19.2%	 7.7%	
I	feel	confident	that	I	know	about	most	
geological	issues	in	my	area.	
3.8%	
	
26.9%	 26.9%	 33.3%	 9%	
I	feel	confident	that	I	could	easily	find	
more	information	about	geological	issues	
in	my	area.	
19.2%	
	
55.1%	 12.8%	 9%	 3.8%	
	 Not	at	all	 Once/twice	(1-2	days)	
Often	
(3-6	days)	
Every	day	
(7	days)	 	
In	the	last	seven	days	I	have	thought	
about	something	to	do	with	geology:	
38.5%	
	
46.2%	 12.8%	 2.6%	 	
Section	Two	 Average	score	(where	1	is	a	strong	mismatch	and	5	is	a	strong	match)	
Degree	of	expert	match	with	all	
questions	 3.49	
Degree	of	expert	match	with	Opinion	
based	questions	 3.67	
Degree	of	expert	match	with	Factual	
based	questions	 3.42	
Table	6.2	A	summary	of	the	results	from	Section	One	and	the	degree	of	expert	match	with	
the	questions	from	Section	Two	from	Carharrack	respondents.	
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Broadly	the	respondents	from	Carharrack	showed	a	slight	match	with	the	expert	answers	
(Table	6.2),	having	an	average	score	of	3.49	for	the	general	perception	score.	The	factual-
based	questions	demonstrated	a	very	similar	level	of	match	of	3.42.	The	opinion-based	
questions	marginally	scored	the	highest	degree	of	expert	match,	with	a	score	of	3.67.	
	
Regardless	of	match,	the	participants	were	also	asked	to	rate	their	confidence	in	their	won	
knowledge.	Participants	in	Carharrack	displayed	a	high	level	of	confidence	in	their	ability	to	
communicate	about	geological	issues	with	their	friends	and	neighbours,	with	46.2%	(n=36)	
choosing	either	agree	or	strongly	agree	in	response	to	the	first	question:	‘I	feel	confident	in	
talking	about	geology	or	geology-related	ideas	with	my	friends	and	neighbours’.	Equally	they	
were	extremely	confident	in	their	ability	to	find	out	information	about	geological	issues	in	
their	area,	with	74.3%	(n=58)	choosing	either	agree	or	strongly	agree	in	response	to	the	
question:	‘I	feel	confident	that	I	could	easily	find	more	information	about	geological	issues	in	
my	area’.	In	contrast,	participants	in	this	area	did	not	feel	confident	that	they	knew	about	
local	geological	issues,	with	42.3%	(n=33)	choosing	either	disagree	or	strongly	disagree	in	
response	to	the	following	question:	‘I	feel	confident	that	I	know	about	geological	happenings	
in	my	area’.	Geology	also	did	not	seem	to	be	a	major	component	of	the	majority	of	
respondent’s	lives	with	46.2%	(n=36)	answering	that	they	had	only	thought	about	something	
to	do	with	geology	once	or	twice	in	the	last	seven	days.	
	
Overall	the	Carharrack	participants	gave	a	similar	set	of	answers	to	the	questions	as	would	
be	anticipated	for	an	expert.	Out	of	the	whole	set	of	responses	for	Carharrack	there	were	
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two	statements	that	demonstrated	a	strong	level	of	opinion	shown	by	participants	choosing	
the	greatest	degree	of	agreement	or	disagreement:		
• ‘Rocks	are	very	important	to	the	history	of	the	Westcountry’-	56.4%	(n=44)	chose	
strongly	agree.		
• ‘Granite	is	a	very	soft	rock	that	breaks	easily’	-	52.6%	(n=41)	chose	strongly	disagree.		
	
Other	responses	indicated	confusion	with	some	of	the	concepts,	particularly	in	respect	of	
the	scientific	phrasing	of	certain	questions.	In	response	to	the	statement	‘The	deeper	you	go	
underground,	the	colder	the	rocks	become’	41%	(n=32)	of	participants	selected	the	strongly	
disagree	answer,	but	were	less	confident	when	asked	‘The	temperature	of	the	rocks	increase	
the	closer	they	are	to	the	centre	of	the	Earth’,	when	46.2%	(n=36)	of	respondents	chose	the	
more	moderate,	agree	option.	Although	a	similar	number	of	respondents	chose	the	same	
answer,	they	selected	a	more	moderate	answer	when	the	question	was	phrased	in	a	more	
scientific	way	as	compared	to	a	more	experiential,	anthropocentric	way.	
	
Several	other	ideas	appeared	to	be	prominent	with	the	participants	of	Carharrack.	The	
relationship	between	rock	and	soil,	of	geology	and	the	shape	of	the	landscape	and	the	
general	structure	of	the	Earth	all	demonstrated	a	match	with	the	expert	answers:		
• ‘The	type	of	soil	in	an	area	depends	on	the	type	of	rock	that	is	underneath	it’	–	57.7%	
(n=45)	agree	
• ‘The	type	of	rock	changes	the	way	that	the	landscape	looks’	–	57.7%	(n=45)	agree	
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• ‘Like	an	onion,	the	Earth	is	made	up	of	rings	of	rock	and	magma’	–	57.7%	(n=45)	
agree	
	
	The	influence	of	water	was	also	a	dominant	idea,	with	56.4%	(n=44)	of	participants	choosing	
‘agree’	with	the	statement	‘Water	naturally	forms	channels	underground	in	order	to	flow	
through	rock’.	The	influence	of	new	industry	on	the	community	was	a	concern	widely	held,	
with	53.8%	(n=42)	of	respondents	agreeing	with	the	statement	‘New	geological	industry	(e.g.	
mining)	would	change	the	community	in	my	area’.	Finally	granite	was	seen	as	an	extremely	
important	rock,	with	52.6%	(n=41)	of	participants	choosing	‘agree’	with	the	statement	‘The	
most	common	rock	in	Devon	and	Cornwall	is	granite’,	which	is	actually	incorrect.	
	
When	it	came	to	the	visual	questions,	the	participants	of	Carharrack	chose	the	correct	expert	
equivalent	diagram	for	their	occasion	as	one	of	their	answers	29.5%	(n=23)	of	times	(see	
Figure	6.1).	This	meant	that	the	correct	answer	for	their	location	had	to	be	either	their	only	
answer,	one	answer	when	paired	with	another	geologically	correct	option	(but	for	a	
different	location),	or	one	answer	when	paired	with	a	geologically	incorrect	answer.	
However	the	most	common	choice	for	the	residents	of	Carharrack	was;	one	geologically	
correct	answer	(but	for	a	different	location)	and	one	geologically	incorrect	answer,	which	
was	selected	21.8%	(n=17)	of	the	time.	The	choices	for	the	3D	model	were	more	closely	
matched	with	the	expert’s	answer,	with	38.5%	(n=30)	of	respondents	choosing	the	‘correct’	
pairing,	which	was	most	geologically	accurate.	
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6.4.2	Results	from	Hemerdon	and	Sparkwell	
Section	One	 Strongly	Agree	 Agree	 Neutral	 Disagree	
Strongly	
Disagree	
I	feel	confident	in	talking	about	geology	
or	geology-related	ideas	with	my	friends	
and	neighbours.	
19.2%	
	
19.2%	 23.1%	 23.1%	 7.7%	
I	feel	confident	that	I	know	about	most	
geological	issues	in	my	area.	
10.3%	
	
21.8%	 20.5%	 26.9	%	 12.8%	
I	feel	confident	that	I	could	easily	find	
more	information	about	geological	issues	
in	my	area.	
23.1%	
	
39.7%	 16.7%	 10.5%	 5.1%	
	 Not	at	all	 Once/twice	(1-2	days)	
Often	
(3-6	days)	
Every	day	
(7	days)	 	
In	the	last	seven	days	I	have	thought	
about	something	to	do	with	geology:	
33.3%	
	
42.3%	 11.5%	 7.7%	 	
Section	Two	 Average	score	(where	1	is	a	strong	mismatch	and	5	is	a	strong	match)	
Degree	of	expert	match	with	all	
questions	 3.43	
Degree	of	expert	match	with	Opinion	
based	questions	 3.60	
Degree	of	expert	match	with	Factual	
based	questions	 3.37	
Table	6.3	A	summary	of	the	results	from	Section	One	and	the	degree	of	expert	match	with	
the	questions	from	Section	Two	from	Hemerdon	and	Sparkwell	respondents.	
	
As	far	as	the	general	match	to	the	expert	answers	across	the	survey,	Hemerdon	and	
Sparkwell	participants	were	very	similar	to	the	Carharrack	participants,	showing	a	slight	
inclination	towards	a	match	with	a	score	of	3.43	for	the	degree	of	expert	match	with	all	the	
answers	and	a	score	of	3.37	for	the	factual	based	questions	alone	(Table	6.3).	The	opinion-
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based	questions	had	a	slightly	higher	match	than	the	factual-based	questions	of	3.6.	Whilst	
these	scores	are	a	slight	move	towards	the	mismatch	end	of	the	scoring	scale	in	comparison	
to	the	Carharrack	scores,	the	shift	is	so	small	as	to	be	considered	inconsequential.		
	
The	responses	to	the	questions	about	confidence	were	also	similar	to	Carharrack.	The	
participants	in	Hemerdon	and	Sparkwell	tended	to	agree	with	the	statement:	‘I	feel	
confident	in	talking	about	geology	or	geology-related	ideas	with	my	friends	and	neighbours’,	
with	38.4%	(n=30)	choosing	either	agree	or	strongly	agree.	Also	they	were	confident	about	
their	ability	to	find	information,	although	their	confidence	was	lower	than	in	Carharrack,	
with	only	62.8%	(n=49)	choosing	agree	or	strongly	agree	with	the	statement:	‘I	feel	confident	
that	I	could	easily	find	more	information	about	geological	issues	in	my	area’.	As	in	
Carharrack,	participants	in	Hemerdon	and	Sparkwell	did	not	feel	confident	that	they	knew	
about	local	geological	issues,	with	39.8%	(n=31)	choosing	either	disagree	or	strongly	disagree	
in	response	to	the	following	question:	‘I	feel	confident	that	I	know	about	geological	
happenings	in	my	area’.	Similar	to	Carharrack,	participants	in	Hemerdon	and	Sparkwell	
indicated	that	they	did	not	think	about	geology	frequently,	instead	the	most	common	
answer	to	the	question:	‘In	the	last	seven	days	I	have	thought	about	something	to	do	with	
geology’,	was	once	or	twice	a	week	(42.3%,	n=33).	
	
As	in	Carharrack,	participants	in	Hemerdon	and	Sparkwell	broadly	gave	similar	answers	to	
the	expert,	but	once	again	a	few	of	the	concepts	provoked	a	particularly	strong	or	confident	
response.	The	same	two	statements	as	Carharrack	provoked	a	particularly	strong	response:			
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• ‘Rocks	are	very	important	to	the	history	of	the	Westcountry’-		48.6%	(n=36)	chose	
strongly	agree		
• ‘Granite	is	a	very	soft	rock	that	breaks	easily’	-	47.3%	(n=35)	chose	strongly	disagree		
	
Although	the	statement	‘The	deeper	you	go	underground,	the	colder	the	rocks	become’	also	
attracted	a	confident	participant	response	with	32.4%	(n=24)	of	participants	selecting	the	
strongly	disagree	answer,	it	should	be	noticed	that	the	number	of	participants	selecting	this	
answer	was	lower	than	in	Carharrack.	However,	when	we	examine	the	paired	statement	
‘The	temperature	of	the	rocks	increase	the	closer	they	are	to	the	centre	of	the	Earth’,	the	
most	common	choice,	made	by	44.6%	(n=33)	of	respondents,	was	the	agree	option,	which	is	
similar	to	Carharrack.		
	
Once	again	as	with	Carharrack	several	ideas	appeared	to	be	commonly	held	by	the	
participants	from	Hemerdon	and	Sparkwell,	but	the	answers	were	not	as	confident	as	those	
given	to	the	statements	listed	above.	These	included:		
• ‘The	type	of	rock	changes	the	way	that	the	landscape	looks’	-	73%	(n=54)	agree		
• ‘Water	naturally	forms	channels	underground	in	order	to	flow	through	rock’	-	59.5%	
(n=44)	agree	
• ‘There	are	lots	of	different	types	of	soil	before	you	get	to	the	rock’	-	51.4%	(n=38)	
agree		
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The	response	to	the	first	statement	about	the	relationship	between	the	type	of	rock	and	the	
landscape	is	the	highest	percentage	of	responses	for	a	single	alternative	of	all	the	statement	
questions	in	any	location.	This	is	intriguing	because	it	seems	unusual	for	so	many	to	be	
selecting	the	agree	option,	but	not	the	strongly	agree	option.	This	is	not	to	say	that	the	
strongly	agree	option	was	not	selected,	indeed	it	represented	23%	of	the	total	response,	but	
it	is	interesting	that	so	many	responded	with	the	agree	alternative,	which	suggests	a	widely	
held	idea,	but	not	for	the	strongly	agree	alterative,	which	would	denote	a	greater	level	of	
confidence	in	the	idea.		
	
When	it	came	to	answering	the	visual	question	examining	what	structure	respondents	
thought	existed	beneath	their	feet,	participants	from	Hemerdon	and	Sparkwell	performed	
significantly	better	than	those	in	Carharrack,	with	45.9%	(n=34)	choosing	the	correct	expert	
match	diagram	(Figure	6.2)		for	at	least	one	of	their	images.	Their	most	common	choice	was	
to	have	two	diagrams,	both	geologically	correct	with	one	of	those	being	geologically	correct	
for	the	Hemerdon	and	Sparkwell	area.	Participants	from	Hemerdon	and	Sparkwell	also	
performed	better	during	the	3D	visualisation	question,	if	marginally,	with	40.5%	(n=30)	
choosing	the	‘correct’	expert	matched	pair.	This	result	may	be	related	to	the	fact	that,	by	the	
point	at	which	the	questionnaire	was	distributed,	the	new	tungsten	mine	‘Drakelands’	just	
outside	Hemerdon	and	Sparkwell	was	at	the	point	of	production	and	a	great	deal	of	
promotional	information	regarding	the	mine,	it’s	activities	and	to	a	moderate	extent,	the	
geology,	had	been	released	by	the	mine’s	owners,	Wolf	Minerals.	As	it	is	unknown	what	
access	to	that	information	the	participants	of	the	survey	had,	the	impact	of	these	data	upon	
the	residents’	conceptualisation	of	the	geological	subsurface	cannot	be	assessed.	It	would	
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however	be	naive	to	assume	that	the	pending	mine	opening	and	associated	press	releases	
had	no	impact	on	the	participants,	so	it	is	important	to	acknowledge	it	here.	
	
6.4.3	Results	from	Chulmleigh	
Section	One	 Strongly	Agree	 Agree	 Neutral	 Disagree	
Strongly	
Disagree	
I	feel	confident	in	talking	about	geology	
or	geology-related	ideas	with	my	friends	
and	neighbours.	
5.3%	
	
40%	 24%	 20%	 6.7%	
I	feel	confident	that	I	know	about	most	
geological	issues	in	my	area.	
0%	
	
22.7%	 29.3%	 32%	 13.3%	
I	feel	confident	that	I	could	easily	find	
more	information	about	geological	issues	
in	my	area.	
17.3%	
	
49.3%	 17.3%	 12%	 2.7%	
	 Not	at	all	 Once/twice	(1-2	days)	
Often	
(3-6	days)	
Every	day	
(7	days)	 	
In	the	last	seven	days	I	have	thought	
about	something	to	do	with	geology:	
44%	
	
37.3%	 14.7%	 2.7%	 	
Section	Two	 Average	score	(where	1	is	a	strong	mismatch	and	5	is	a	strong	match)	
Degree	of	expert	match	with	all	
questions	 3.45	
Degree	of	expert	match	with	Opinion	
based	questions	 3.57	
Degree	of	expert	match	with	Factual	
based	questions	 3.42	
Table	6.4	A	summary	of	the	results	from	Section	One	and	the	degree	of	expert	match	with	
the	questions	from	Section	Two	from	Chulmleigh	respondents.	
	
Once	again,	the	broad	scores	for	matching	the	responses	with	the	expert	are	slightly	towards	
the	match.	In	results	that	are	very	similar	to	the	other	two	location,	participants	from	
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Chulmleigh	scored	3.45	for	the	overall	expert	match,	3.42	for	the	factual-based	questions	
and	3.57	for	the	opinion	based	questions.	The	similarity	of	these	three	scores	for	the	expert	
match	suggest	that	overall	the	participants	of	the	three	surveys	have	a	similar	level	of	
knowledge	and	understanding	about	general	geoscience	topics,	and	the	differences	between	
them	exist	in	the	details.	It	is	also	interesting	to	see	that	regardless	of	the	way	they	generally	
answered	the	question,		the	average	results	are	more	neutral	(also	possibly	indicating	‘I	
don’t	know’)	position	when	it	comes	to	geoscience	knowledge	and	understanding.		
	
As	with	the	previous	two	locations,	the	participants	of	Chulmleigh	were	more	confident	
about	their	ability	to	discuss	geoscience	issues,	choosing	either	agree	or	strongly	agree	
45.3%	(n=34)	of	the	time	in	response	to	the	statement:	‘I	feel	confident	in	talking	about	
geology	or	geology-related	ideas	with	my	friends	and	neighbours’,	and	their	ability	to	find	
information,	with	66.7%	(n=50)	choosing	agree	or	strongly	agree	with	the	statement:	‘I	feel	
confident	that	I	could	easily	find	more	information	about	geological	issues	in	my	area’.	Once	
again	the	area	in	which	participants	felt	least	confident	was	in	knowing	about	local	
geological	issues,	with	45.3%	(n=34)	choosing	either	disagree	or	strongly	disagree	in	
response	to	the	statement:	‘I	feel	confident	that	I	know	about	geological	happenings	in	my	
area’.	Not	unexpectedly,	participants	from	Chulmleigh	thought	about	geology	far	less	than	
respondents	from	the	other	two	locations,	with	44%	(n=33)	of	respondents	saying	they	had	
not	thought	about	geology	or	geoscience	issues	at	all	in	the	last	seven	days.	
	
As	with	the	two	previous	locations,	two	statements	had	the	most	confident	responses:		
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• 	‘Rocks	are	very	important	to	the	history	of	the	Westcountry’	–	52%	(n=39)	chose	
strongly	agree	
• ‘Granite	is	a	very	soft	rock	that	breaks	easily’	–	54.7%	(n=41)	chose	strongly	disagree			
	
Other	commonly	held	perceptions	included	the	relationship	between	water	and	the	
subsurface,	the	nature	of	soil	and	they	type	of	rock	influencing	the	landscape:		
• ‘Water	naturally	forms	channels	underground	in	order	to	flow	through	rock’	–	72%	
(n=54)	agree	
• ‘The	type	of	soil	in	an	area	depends	on	the	type	of	rock	that	is	underneath	it’	-	58.7%	
(n=44)	agree	
• ‘The	type	of	rock	changes	the	way	that	the	landscape	looks’,	52%	(n=39)	agree	
	
	Another	common	choice	focused	on	the	issue	of	temperature	of	the	rocks,	but	here	the	
dominant	selection	was	on	the	more	scientifically	worded	‘The	temperature	of	the	rocks	
increase	the	closer	they	are	to	the	centre	of	the	Earth’,	to	which	50.7%	(n=38)	of	participants	
chose	the	agree	alternative.	This	is	in	contrast	to	the	answers	to	the	statement:	‘The	deeper	
you	go	underground,	the	colder	the	rocks	become’	when	40%	(n=30)	chose	the	disagree	
option.	It	is	a	surprising	change	that	the	participants	from	Chulmleigh	chose	the	answer	
relating	to	the	scientifically	worded	sentence	more	frequently	than	the	experiential,	
anthropocentrically	worded	sentence,	which	was	more	popular	in	the	other	locations.		
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When	it	came	to	the	visual	questions	Chulmleigh	appears,	at	first,	to	be	a	less	successful	
group	of	participants,	with	only	41.3%	(n=31)	of	participants	selecting	at	least	one	expert	
match	answer	for	their	location	(Figure	6.3),	even	though	the	residents	at	Carharrack	still	
had	a	lower	achievement	in	this	area,	only	managing	to	select	the	right	answer	in	29.5%	of	
cases.	In	actual	fact	residents	of	Chulmleigh	are	perhaps	the	most	successful	in	this	task	as	
the	most	common	answer	was	to	choose	only	one	response,	and	that	was	the	expert	match	
answer	for	their	location.	Of	course	it	is	possible	that	this	is	because	the	geology	of	
Chulmleigh	is	very	different	to	both	Carharrack	and	Hemerdon	and	Sparkwell	(see	Figure	6.1-
6.3	for	an	illustration	of	this)	and	as	such	the	correct	geological	diagram	for	this	area	was	not	
similar	to	any	of	the	others.	This	being	said,	the	respondents	from	Chulmleigh	performed	
significantly	worse	in	the	3D	geological	reasoning	question,	choosing	the	correct	geological	
pair	only	32%	(n=24)	of	the	time.	Their	most	common	answer	to	this	question	was	to	pick	a	
pair	that	matched	together,	but	did	not	represent	the	geology	being	indicated	by	the	surface	
features	(chosen	by	41.3%	or	n=31	of	participants).	This	is	notable	as	it	perhaps	suggests	
that	although	the	participants	of	Chulmleigh	recognise	that	their	geology	is	different	from	
the	rest	of	the	region,	and	are	thus	better	able	to	choose	the	correct	2D	geological	diagram,	
they	are	far	less	comfortable	extrapolating	geological	features	into	the	subsurface	using	
either	a	geoscience-centric	or	anthropocentric	method.	
	
6.5	Results	from	all	locations	combined	for	Sections	One	and	Two	
Initially	it	was	decided	to	perform	a	reliability	test	on	all	the	questions	in	the	questionnaire	
using	Cronbach’s	Alpha.	This	test	provided	a	score	of	.83	which	indicates	a	high	measure	of	
internal	reliability	of	the	statements,	which	represent	an	underlying	cognitive	construct	
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(Bryman,	2015).	Despite	the	reliability	for	the	whole	sample	being	good,	once	the	data	was	
divided	into	smaller	groups,	the	amount	of	‘missing’	data	(data	that	was	entered	as	‘I	don’t	
know’	or	left	absent)	interfered	with	the	assessment	of	reliability.	When	examining	the	
reliability	of	the	‘factual	answers’	Cronbach’s	Alpha	returned	a	score	of	.429,	which	is	very	
low	and	indicates	a	poor	reliability,	but	in	actual	fact	over	half	of	the	data	in	this	sequence	
was	recorded	as	missing,	which	demonstrates	that	this	method	of	analysis	is	not	the	most	
suitable	for	the	data	set.	As	a	result	it	was	decided	to	use	descriptive	statistics	to	examine	
the	data,	as	that	would	be	the	most	suitable	and	cautious	method.	Descriptive	statistics	
were	considered	the	most	appropriate	because	the	statements	were	written	to	answer	
more	than	one	node	in	the	combined	mental	model,	there	was	a	mix	of	opinion	based	and	
fact	based	questions	and	the	data	included	‘missing’	data	(which,	regardless	of	statistical	
use,	are	of	contextual	value	in	the	study).	The	analysis	was	done	using	a	one	way	analysis	of	
variance	(ANOVA)	calculation,	chi	squared	correlation	analysis	for	the	categorical	data	and	
Pearson	product-moment	correlation	analysis	for	the	continuous	data.		
	
In	order	to	analyse	the	complete	set	of	responses,	answers	were	re-coded	in	SPSS	to	
represent	how	well	they	matched	with	the	perceived	‘correct’	or	expert	answer.	The	expert	
answer	was	provided	by	a	geoscience	expert	completing	the	questionnaire	and	their	results	
being	checked	by	the	researcher.	The	answers	to	the	questionnaire	were	re-scored	so	that	a	
strong	match	was	represented	by	a	‘five’	and	a	strong	mismatch	was	represented	by	‘one’,	
with	the	‘I	don’t	know’	alternative	being	given	a	‘zero’	value.	The	results	of	the	questionnaire	
after	the	re-scoring	of	Section	Two	are	presented	in	Figure	6.10	and	6.11,	with	the	numerical	
values	available	in	Appendix	5.		
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Figure	6.10	Details	of	the	responses	to	questions	in	Section	One	in	the	questionnaire,	
provided	in	percentages	(n=227).	
	
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
I	feel	confident	in	talking	about	geology	or	
geology-related	ideas	with	my	friends	and	…
I	feel	confident	that	I	know	about	most	geological	
issues	in	my	area.
I	feel	confident	that	I	could	easily	find	more	
information	about	geological	issues	in	my	area.
Strongly	Agree	 Agree	 Neutral	 Disagree	 Strongly	Disagree	 Missing
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
In	the	last	seven	days	I	have	thought	about	
something	to	do	with	geology:
Not	at	all Once/twice	(1-2	days) Often	(3-6	days) Every	day	(7	days) Missing
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Rocks	are	very	important	to	the	history	of	the	
Westcountry.
New	mining	is	just	an	extension	of	the	historical	
mining	that	is	our	heritage.
New	geological	industry	(e.g.	mining)	would	change	
the	community	in	my	area.
People	born	and	raised	in	the	Westcountry	think	about	
local	geology	differently	to	people	not	born	here.
Old	mining	areas	are	waste	ground	and	should	be	
improved	to	look	better.
If	there	has	been	mining	in	an	area	then	the	ground	is	
broken	and	unsafe.
Smaller	rocks	are	found	nearer	the	surface	and	larger	
rocks	are	found	deeper	beneath	the	surface.
New	geological	industry	(e.g.	mining)	would	cause	
damage	to	the	rock	beneath	me.
The	deeper	you	go	underground,	the	colder	the	rocks	
become.
The	type	of	soil	in	an	area	depends	on	the	type	of	rock	
that	is	underneath	it.
If	you	see	slate	rock	sticking	out	at	the	top	of	a	hill	that	
means	that	the	hill	is	made	of	slate.
If	a	rock	is	hard	then	it	forms	a	solid	layer.
A	fault	in	the	rock	means	that	it	is	unstable.
Granite	is	a	very	soft	rock	that	breaks	easily.
Water	cannot	flow	through	solid	rock.
If	you	see	a	granite	tor	at	the	top	of	a	hill,	that	means	
the	hill	is	made	of	granite.
Water	naturally	forms	channels	underground	in	order	
to	flow	through	rock.
Rock	layers	in	the	Earth	are	solid	and	unmoving	
(except	in	extreme	cases	like	an	earthquake).
Most	of	the	material	within	the	top	mile	(1.6km)	
below	us	is	influenced	by	people	– ancient	…
Where	there	is	a	river	in	a	valley,	it	means	that	there	is	
a	lot	of	water	under	the	rocks	beneath	it.
The	type	of	rock	in	an	area	changes	the	way	that	the	
landscape	looks.
The	temperature	of	the	rocks	increase	the	closer	they	
are	to	the	centre	of	the	Earth.
Like	an	onion,	the	Earth	is	made	up	of	rings	of	rock	and	
magma.
If	you	dig	down,	there	are	lots	of	different	types	of	soil	
before	you	get	to	the	rock.
The	way	the	landscape	looks	is	because	the	geology	
underneath	is	the	same	shape.
The	most	common	rock	in	Devon	and	Cornwall	is	
granite.
Strong	Mismatch	 Mismatch Neutral	 Match Strong	Match I	don’t	know	 Missing
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Figure	6.11	Details	of	the	responses	to	questions	in	Section	Two	in	the	questionnaire,	
provided	in	percentages	(n=227).	
	
6.5.1	Responses	to	opinion	based	questions	
Seven	statements	from	the	second	section	of	the	questionnaire	are	considered	opinion	
based	questions.	These	questions	represent	concepts	that	are	based	on	a	personal	
perception	of	the	geological	subsurface,	which	are	based	more	on	opinion	than	fact	and	are	
numbered	one	to	seven	on	Table	6.5.	The	questions	included	in	this	list	examined	issues	of	
the	impacts	of	industry,	past	present	and	future,	the	role	of	geology	in	the	perception	of	
regional	heritage,	perceptions	of	safety	and	stability	of	the	rocks,	and	perceptions	of	
community.			
	Section	Two	
Opinion-based	questions	 Gender	 Education	 Employment	 Age	 Residence	 Location	
1.	Rocks	are	very	important	to	the	history	of	
the	Westcountry.	
-	 -	 -	
r	=	.149,	n	=	213,		
p	<	.030	
r	=	.132,	n	=	215,		
p	<	.054	suggestive	
-	
2.	New	mining	is	just	an	extension	of	the	
historical	mining	that	is	our	heritage.	
-	 -	 -	 -	 -	 -	
3.	New	geological	industry	(e.g.	mining)	
would	change	the	community	in	my	area.	
-	 -	 -	 -	 -	
χ2	(8)	=	15.263,		
p<	.054	suggestive	
4.	People	born	and	raised	in	the	
Westcountry	think	about	local	geology	
differently	to	people	not	born	here.	
-	 -	
χ2	(20)	=35.739,		
p<	.017	
-	 -	 -	
5.	Old	mining	areas	are	waste	ground	and	
should	be	improved	to	look	better.	
-	 -	
χ2	(20)	=47.761,		
p<	.001	
-	 -	 -	
6.	If	there	has	been	mining	in	an	area	then	
the	ground	is	broken	and	unsafe.	
-	 -	 -	 -	
r	=	-.178,	n	=	203,		
p	<	.011	
	
7.	New	geological	industry	(e.g.	mining)	
would	cause	damage	to	the	rock	beneath	
me.	
-	 -	 -	 -	 -	 	
Factual-based	questions	 Gender	 Education	 Employment	 Age	 Residence	 Location	
8.	Smaller	rocks	are	found	nearer	the	
surface	and	larger	rocks	are	found	deeper	
beneath	the	surface.	
-	 -	 -	 -	 -	 -	
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	9.	The	deeper	you	go	underground,	the	
colder	the	rocks	become.	
χ2	(8)	=17.714,		
p<	.023	
-	 -	 -	 -	 -	
10.	The	type	of	soil	in	an	area	depends	on	
the	type	of	rock	that	is	underneath	it.	
-	 -	 -	 -	 -	
χ2	(8)	=17.538,		
p<	.025	
11.	If	you	see	slate	rock	sticking	out	at	the	
top	of	a	hill	that	means	that	the	hill	is	made	
of	slate.	
χ2	(8)	=18.704,		
p<	.017	
-	 -	 -	 -	 -	
12.	If	a	rock	is	hard	then	it	forms	a	solid	
layer.	
-	 -	 -	
r	=	-.205,	n	=	184,		
p	<	.001	
r	=	-.313,	n	=	185,		
p	<	.001	
χ2	(8)	=15.271,		
p<	.054	suggestive	
13.	A	fault	in	the	rock	means	that	it	is	
unstable.	
-	 -	 -	 -	
r	=	-.145,	n	=	199,		
p	<	.041	
-	
14.	Granite	is	a	very	soft	rock	that	breaks	
easily.	
-	 -	 -	 -	 -	 -	
15.	Water	cannot	flow	through	solid	rock.	 -	 -	 -	 -	 -	 -	
16.	If	you	see	a	granite	tor	at	the	top	of	a	
hill,	that	means	the	hill	is	made	of	granite.	
χ2	(8)	=22.376,		
p<	.004	
-	 -	 -	
r	=	.208,	n	=	188,		
p	<	.004	
-	
17.	Water	naturally	forms	channels	
underground	in	order	to	flow	through	rock.	
-	 -	 -	 -	 -	 -	
18.	Rock	layers	in	the	Earth	are	solid	and	
unmoving	(except	in	extreme	cases	like	an	
earthquake).	
-	 -	 -	
r	=	-.190,	n	=	201,		
p	<	.007	
r	=	-.253,	n	=	203,		
p	<	.008	
-	
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	19.	Most	of	the	material	within	the	top	mile	
(1.6km)	below	us	is	influenced	by	people	–	
ancient	structures,	human	waste,	etc.	
χ2	(8)	=291.111,		
p<	.001	
-	 -	
r	=	.223,	n	=	191,		
p	<	.002	
-	 -	
20.	Where	there	is	a	river	in	a	valley,	it	
means	that	there	is	a	lot	of	water	under	the	
rocks	beneath	it.	
-	 -	 -	 -	
r	=	-.200,	n	=	175,		
p	<	.008	
-	
21.	The	type	of	rock	in	an	area	changes	the	
way	that	the	landscape	looks.	
χ2	(8)	=22.764,		
p<	.004	
-	 -	 -	 -	 -	
22.	The	temperature	of	the	rocks	increase	
the	closer	they	are	to	the	centre	of	the	
Earth.	
χ2	(8)	=17.714,		
p<	.023	
-	 -	 -	 -	 -	
23.	Like	an	onion,	the	Earth	is	made	up	of	
rings	of	rock	and	magma.	
-	
χ2	(16)	=27.515,		
p<	.036	
-	 -	 -	 -	
24.	If	you	dig	down,	there	are	lots	of	
different	types	of	soil	before	you	get	to	the	
rock.	
-	 -	 -	 -	 -	 -	
25.	The	way	the	landscape	looks	is	because	
the	geology	underneath	is	the	same	shape.	
χ2	(8)	=18.446,		
p<	.018	
-	 -	 -	 -	 -	
26.	The	most	common	rock	in	Devon	and	
Cornwall	is	granite.	
-	
χ2	(16)	=27.987,		
p<	.032	
-	 -	 -	
χ2	(8)	=20.872,		
p<	.007	
Table	6.5	Statistical	relationships	that	are	significant	between	the	statements	and	selected	demographics	using	chi-square	correlation	test	and	
Pearson	product-moment	test.	The	demographic	factors	that	had	the	most	significant	relationships	to	the	questions	were	length	of	time	
resident	in	the	area	and	gender,	followed	by	location	and	age.
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When	the	questions	were	compared	to	the	expert	answers	for	a	degree	of	match	only	one	
demographic	factor	was	of	any	statistical	significance	in	the	one	way	analysis	of	variance	
(ANOVA)	of	the	averaged	opinion	scores	and	demographic	factors:	employment.	The	
relationship	between	stated	employment	and	the	opinion	score	was	found	to	be	significant	
(F	(5,218)	=3.5,	p=.004)	and	found	that	those	who	chose	the	options	of	full	time	
employment,	unemployed	or	other	scored	lower	(and	therefore	less	similar	to	the	expert	
perception)	than	those	who	chose	the	options	of	part	time	employment,	in	education	or	in	
retirement.	All	groups	however,	had	a	score	that	represented	in	general	a	trend	towards	a	
match	with	the	expert	groups.	The	question	of	the	expert	match	however,	is	less	relevant	for	
the	opinion	based	questions	than	the	factual	based	questions,	due	to	the	subjective	nature	
of	the	statements.		
	
Overall	the	general	results	of	the	opinion-based	questions	show	some	interesting	results,	
with	the	average	response	for	each	question	generally	displaying	a	match	with	the	expert	
groups.	Some	questions	appeared	to	reveal	more	commonly	held	beliefs	than	others,	for	
instance	the	‘Rocks	are	very	important	to	the	history	of	the	Westcountry’	provided	a	
resounding	93%	(n=212)	agreement	(52%	or	n=112	choosing	strongly	agree)	response	to	the	
question.	Some	questions	however	provided	a	far	less	consistent	response,	with	answers	
being	fairly	equally	divided	between	agree,	neutral	and	disagree.	Those	questions	were:	
• People	born	and	raised	in	the	Westcountry	think	about	local	geology	differently	to	
people	not	born	here.	(35%	or	n=80	agree,	28%	or	n=64	neutral)	
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• If	there	has	been	mining	in	an	area	then	the	ground	is	broken	and	unsafe.	(33%	or	
n=76	agree,	34%	or	n=77	disagree)	
• New	geological	industry	(e.g.	mining)	would	cause	damage	to	the	rock	beneath	me.	
(29%	or	n=66	disagree,	27%	or	n=61	neutral,	26%	or	n=60	agree)	
	
What	these	results	appear	to	indicate,	is	that	for	the	opinion	based	questions	at	least,	
neither	education	nor	location	have	a	particular	significance	to	the	data,	but	the	length	of	
time	an	individual	has	been	resident	in	the	region,	and	the	type	of	employment	they	are	in	
does.	
	
6.5.2	Responses	to	factual	based	questions	
Of	the	statements,	nineteen	questions	were	listed	as	factual	based,	this	means	that	they	are	
questions	that	have	answers	that	could	be	described	as	factually	correct	or	factually	
incorrect,	but	because	the	mental	models	method	does	not	place	expert	knowledge	as	
superior	to	non-expert	knowledge	(Morgan	et	al.,	2002),	these	answers	will	not	be	ranked	as	
correct	vs.	incorrect,	rather	in	the	degree	of	expert	match	or	mismatch.	These	questions	are	
listed	as	questions	8	to	26	in	Figure	6.10.		In	the	descriptive	cross-tabulation	tests	several	
demographic	factors	emerged	as	significant,	in	order	of	frequency	those	were:	length	of	
time	resident;	gender;	location;	age;	and	level	of	education.		
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When	the	questions	were	compared	to	the	expert	answers	for	a	degree	of	match,	two	
demographic	factors	demonstrated	statistical	significance	in	the	one	way	analysis	of	variance	
(ANOVA)	of	the	averaged	factual	scores	and	demographic	factors,	which	were	the	length	of	
time	resident	in	the	region,	and	the	level	of	education	attained.	The	two	relationships	both	
provided	notable	results.	The	first,	the	significant	relationship	between	education	and	the	
degree	of	match	to	the	factual	answer	that	was	found	using	the	one	way	analysis	of	variance	
test	(F	(4,219)	=2.5,	p=	.047)	showed	that,	in	general,		the	higher	the	level	of	education	that	
was	experienced,	the	better	the	quality	of	match,	with	the	closest	match	being	found	at	
undergraduate	level.	The	second	significant	relationship	existed	between	the	degree	of	
expert	match	and	the	length	of	time	that	the	individual	had	been	resident,	which	showed	a	
slight	decrease	in	the	degree	of	match	with	the	expert	as	the	time	the	individual	had	been	
resident	in	the	area	increased	(F	(73,150)	=1.5,	p=	.018).	However	there	was	also	an	
increased	amount	of	variation	in	the	degree	of	match	as	the	length	of	time	a	resident	had	
been	in	the	region,	as	is	shown	in	Figure	6.12.	
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Figure	6.12	Graph	showing	the	slight	negative	correlation	between	length	of	time	a	
participant	has	been	resident	in	their	specific	area	and	the	degree	of	expert	match	with	the	
factual	answers.		
	
Overall	the	responses	to	the	questions	provided	a	moderate	level	of	match	to	the	expert	
questions	(Figure	6.12),	which	show	participant	mean	responses	scoring	between	a	neutral	
three	and	a	moderate	match	four	in	the	majority	of	cases.	A	few	questions	did	show	
interesting	mismatches	with	the	expert	answers.	One	anticipated	mismatch	was	in	response	
to	the	question	‘Smaller	rocks	are	found	nearer	the	surface	and	larger	rocks	are	found	
deeper	beneath	the	surface’	to	which	34%	(the	largest	group,	n=67)	chose	the	agree	
alternative,	which	is	a	mismatch	with	the	expert	model.	Structural	questions	appeared	to	be	
not	only	indicative	of	mismatches	with	the	expert	model,	but	difficulty	for	participants	to	
answer,	as	is	seen	in	the	response	to	the	statement	‘If	a	rock	is	hard	then	it	forms	a	solid	
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layer’,	which	was	very	uncertain	(34%	or	n=66	agree,	31%	or	n=60	disagree).	Another	
commonly	chosen	mismatch	was	the	influence	of	water	in	the	subsurface,	with	77%	(n=142)	
choosing	agree	in	response	to	the	statement	‘Water	naturally	forms	channels	underground	
in	order	to	flow	through	rock’,	in	a	clear	mismatch	with	the	expert	model	in	this	area.	Two	
other	questions	displayed	strong	mismatches,	which	were	connected	to	the	local	perception	
of	granite	and	its	regional	value.	When	asked	to	respond	to	the	statement	‘The	most	
common	rock	in	Devon	and	Cornwall	is	granite’	55%	(n=90)	of	respondents	chose	the	agree	
alternative.		
	
Both	of	the	questions	relating	to	how	experts	use	surface	cues	to	extrapolate	what	exists	in	
the	subsurface	produced	interesting	results.	The	first,	‘If	you	see	slate	rock	sticking	out	at	the	
top	of	a	hill	that	means	that	the	hill	is	made	of	slate’	resulted	in	a	strong	mismatch	with	the	
expert	model,	with	48%	(n=86)	of	participants	choosing	the	disagree	alternative.	This	result	
indicates	that	most	participants	would	not	connect	the	surface	expression	of	slate	to	a	slate	
unit	below	the	surface.	The	second	question	targeted	what	can	be	presumed	to	be	a	well	
known	feature	in	the	Devon	and	Cornwall	landscape;	a	granite	tor.	However	the	statement	
‘If	you	see	a	granite	tor	at	the	top	of	a	hill,	that	means	the	hill	is	made	of	granite’	was	met	
with	uncertainty,	with	39%	(n=74)	choosing	agree	(which	would	represent	the	expert	match	
answer),	but	32%	(n=63)	choosing	disagree	(the	expert	mismatch	answer).	
	
A	number	of	statements	returned	a	statistically	significant	result	within	the	gender	category	
that	differed	only	in	the	degree	(or	strength)	of	consensus	in	the	answer	between	male	and	
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female	participants.	Although	these	results	were	significant	it	has	been	shown	in	previous	
studies	that	male	participants	are	more	likely	to	answer	a	question	with	a	higher	degree	of	
confidence	than	female	participants	(Ehrlinger	and	Dunning,	2003),	so	these	results	are	
considered	less	important	overall.	The	statements	and	their	relationships	are	presented	in	
Table	6.6.	
	
Statement	 Significance	 Relationship	
The	deeper	you	go	underground,	
the	colder	the	rocks	become	 (χ2	(8)	=17.714,	p<	.023)	
Male	participants	more	
confident	in	disagree	choice	
The	type	of	rock	changes	the	way	
that	the	landscape	looks	 (χ2	(8)	=22.764,	p<	.004)	
Male	participants	more	
confident	in	agree	choice	
The	temperature	of	the	rocks	
increase	the	closer	they	are	to	
the	centre	of	the	Earth	
(χ2	(8)	=17.714,	p<	.023)	 Male	participants	more	confident	in	agree	choice	
Table	6.6	The	statements	that	were	statistically	significant	when	tested	using	chi	squared	in	
cross	tabulation	with	gender,	that	represents	the	greater	likelihood	for	male	participants	to	
overestimate	their	confidence	in	their	answer.	
	
6.6	Responses	to	questions	in	Section	Three	
The	answers	to	the	visual	questions	in	Section	Three	for	both	the	2D	and	3D	questions	were	
scored	depending	on	how	well	they	matched	the	expert	answers,	the	system	for	which	is	
listed	in	Tables	6.7	and	6.8.	The	answers	to	the	2D	geological	diagram	questions	were	
dependant	on	location	and	given	in	response	to	the	image	provided	in	Figure	6.13.	
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Figure	6.13	The	image	provided	for	the	2D	geological	question	in	Section	Three	of	the	
questionnaire.	
	
If	a	participant	chose	only	one	answer	(out	of	an	optional	two	answers),	then	their	model	
was	assumed	to	be	better	defined	or	their	confidence	in	their	selection	was	assumed	to	be	
higher	and	therefore	their	score	was	higher.	If	they	selected	two	answers	then	their	model	
was	assumed	to	be	less	well	defined,	or	the	individual	had	less	confidence	in	their	model	and	
their	score	was	lower.	The	visual	ranking	of	the	possible	answers	is	provided	in	Figures	6.17,	
6.18	and	6.19,	as	discussed	in	the	text	below.	
255	
	
1st	answer	 2nd	answer	 Degree	of	match	 Score	
Geologically	accurate	 	 Includes	expert	match	for	location	 8	
Geologically	accurate	 	 Includes	geologically	possible	–	wrong	location	 7	
Geologically	accurate	 Geologically	accurate	 Includes	expert	match	for	location	 6	
Geologically	accurate	 Geologically	accurate	 Includes	geologically	possible	–	wrong	location	 5	
Geologically	accurate	 Geologically	inaccurate	 Includes	expert	match	for	location	 4	
Geologically	accurate	 Geologically	inaccurate	 Includes	geologically	possible	–	wrong	location	 3	
Geologically	inaccurate	 	 No	match	 2	
Geologically	inaccurate	 Geologically	inaccurate	 No	match	 1	
Don’t	know	 	 N/A	 0	
Table	6.7	Scoring	system	for	degree	of	match	with	expert	answers	for	the	2D	geological	
subsurface	diagram	question.	
	
The	3D	reasoning	question	was	based	on	the	paired	images	shown	in	Figure	6.14.	In	this	
question,	the	pairs	were	ranked	in	sequence	of	their	logical	order.	Some	pairs	were	designed	
to	go	together,	but	only	one	was	the	expert	match.	The	other	two	pairs	were	scored	
according	to	their	geological	‘realism’;	one	was	an	overly	simplified	version	of	the	geology	
and	one	was	an	anthropocentric	version	of	the	geology.	From	there	the	pairs	were	ranked	by	
combinations	that	were	possible,	but	not	really	logical;	then	by	pairs	that	were	impossible.	
Visual	depictions	of	these	pairings	are	displayed	in	Figures	6.20-6.21	as	described	in	the	text	
below.	
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Figure	6.14	The	image	provided	for	the	3D	geological	question	in	Section	Three	of	the	
questionnaire.	
	
Diagram	pairing	 Degree	of	match	 Score	
2,3	 Expert	match	 5	
1,2	 Correct	pairing,	mismatch	of	geology	and	cues	–	geoscience-centric	 4	
3,1	 Correct	pairing,	mismatch	of	geology	and	cues	-	anthropocentric	 3	
1,3		2,2		2,1	 Incorrect	pairing	 2	
1,1		3,2		3,3	 Impossible	pairing	 1	
Don’t	know	 N/A	 0	
Table	6.8	Scoring	system	for	degree	of	match	with	expert	answers	for	the	3D	geological	
subsurface	reasoning	question.	
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6.6.1	Analysis	of	the	2D	geological	subsurface	diagram	question	
In	analysing	the	responses	to	the	visual	questions,	a	chi-square	test	was	conducted	between	
the	combined	choices	scoring	presented	in	Table	6.7	and	the	different	demographic	factors.	
For	the	2D	geological	diagram	question,	there	were	two	statistically	significant	factors;	age	
and	location.	The	demographic	factor	of	age	in	respect	of	the	degree	of	expert	match	with	
the	answers	provided	by	the	2D	geological	diagram	question	was	significant	(χ2	(528)	=	
598.699,	p<	.018)	and	showed	that	participants	were	more	likely	to	make	only	one	choice,	
the	expert	match	or	a	geologically	inaccurate	answer	(mismatch).	The	expert	match	choice	
was	more	likely	to	be	made	by	younger	participants,	particularly	by	those	aged	51	to	60	and	
the	geologically	inaccurate	answer	was	more	likely	to	be	given	by	older	participants,	
particularly	those	aged	61	to	70.	These	relationships	are	shown	in	Figure	6.15.	
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Figure	6.15	Graph	showing	association	between	age	and	the	degree	of	expert	match	for	the	
2D	geological	visualisation	diagram	question,	where	the	expert	match	choice	was	more	likely	
to	be	made	by	younger	participants	(41-60	years)	and	the	inaccurate	answer	was	more	
frequently	made	by	older	participants	(61-70	years).	
	
Another	significant	relationship	was	found	between	location	and	the	degree	to	which	the	
participants	selected	an	expert	match	answer	(χ2	(16)	=79.184,	p<	.001).	This	extremely	
significant	relationship	showed	that	participants	from	Carharrack	were	most	likely	to	choose	
a	mismatch	option	–	specifically	they	were	most	likely	to	choose	a	pair	with	at	least	one	
geologically	inaccurate	diagram	and	participants	from	Hemerdon	and	Sparkwell	were	the	
most	likely	to	choose	a	geologically	correct	diagram,	specifically	at	least	one	with	an	expert	
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match.	This	is	interesting	as	it	reflects	data	provided	in	the	interviews,	that	the	cultural	
heritage	for	participants	in	Carharrack	was	particularly	important	and	residents	of	Hemerdon	
and	Sparkwell	are	extremely	focused	on	the	current	geological	activity	happening	at	the	new	
Drakelands	tungsten	mine.	The	results	of	this	analysis	are	shown	in	Figure	6.16.	
	
	
Figure	6.16	Graph	showing	association	between	location	and	the	degree	of	expert	match	for	
the	2D	geological	visualisation	diagram	question	(for	detailed	explanation	of	codes	see	Table	
6.7).	This	diagram	show	that	the	participants	from	Carharrack	were	most	likely	to	chose	at	
least	one	geologically	inaccurate	answer,	but	participants	from	Chulmleigh	were	most	likely	
to	chose	the	geologically	correct	option.	
	
Each	location	had	a	different	expert	match	answer	because	of	the	specific	geology	of	the	
region	and	therefore	a	different	combination	of	diagrams.	In	Carharrack	the	most	commonly	
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selected	combination	was	to	select	two	answers,	only	one	of	which	was	a	geologically	
accurate	answer,	but	not	an	expert	match	for	the	region.	This	combination	was	chosen	22%	
of	the	time.	However,	a	combination	with	at	least	one	of	the	answers	being	an	expert	match	
was	chosen	29%	of	the	time.	The	combination	of	diagrams	and	the	results	they	represent	for	
Carharrack	is	shown	in	Figure	6.17.	
	
	
Figure	6.17	The	combination	of	diagrams	representing	the	expert	match,	geologically	
accurate	and	geologically	inaccurate	diagrams	for	Carharrack.	
	
In	Hemerdon	and	Sparkwell,	as	it	has	already	been	shown,	the	participants	were	most	likely	
to	choose	two	answers,	both	geologically	accurate	with	one	of	them	being	the	expert	match.	
This	combination	was	chosen	31%	of	the	time.	However	participants	from	Hemerdon	and	
Sparkwell	were,	overall,	better	than	residents	from	Carharrack	at	selecting	a	combination	
261	
	
that	included	the	expert	match,	choosing	this	option	46%	of	the	time.	The	residents	from	
Hemerdon	and	Sparkwell	were	the	most	successful	overall	at	choosing	at	the	expert	match	
as	at	least	one	of	their	options.	The	combination	of	diagrams	specific	to	Hemerdon	and	
Sparkwell	is	shown	in	Figure	6.18.	
	
	
Figure	6.18	The	combination	of	diagrams	representing	the	expert	match,	geologically	
accurate	and	geologically	inaccurate	diagrams	for	Hemerdon	and	Sparkwell.	
	
Interestingly,	the	residents	from	Chulmleigh	were	the	most	successful	at	choosing	just	one	
diagram	that	represented	the	expert	match	for	their	location	(as	is	shown	in	Figure	6.19),	
with	it	being	their	most	common	choice,	selected	28%	of	the	time.	In	broader	terms	
however,	residents	from	Chulmleigh	were	not	as	successful	as	those	from	Hemerdon	and	
Sparkwell	only	choosing	a	combination	that	included	the	expert	match	answer	41%	of	the	
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time.	The	residents	of	Chulmleigh	were,	however,	more	successful	overall	than	the	residents	
of	Carharrack,	which	was	surprising.	Perhaps	an	influencing	factor	of	this	is	that	the	geology	
of	Chulmleigh	is	very	different	to	that	of	both	Hemerdon	and	Sparkwell,	and	it	was	less	likely	
to	choose	a	similar,	but	incorrect	geologically	accurate	diagram.	
	
	
	
Figure	6.19	The	combination	of	diagrams	representing	the	expert	match,	geologically	
accurate	and	geologically	inaccurate	diagrams	for	Chulmleigh.	
	
6.6.2	Analysis	of	the	3D	geological	reasoning	question	
When	a	chi	squared	test	was	calculated	for	the	degree	of	expert	match	for	the	3D	reasoning	
question	in	association	with	various	demographic	factors.	Whilst	no	demographic	factors	
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were	significant,	one,	the	location	factor,	was	suggestive	(χ2	(10)	=17.975,	p<	.055).	This	
relationship	suggested	that	participants	from	Hemerdon	and	Sparkwell	were	the	most	likely	
to	choose	the	expert	match	pair	(as	shown	in	Figure	6.20),	or	a	geologically	accurate	pair	
with	a	mismatch	of	geology	and	surface	cues,	the	‘geoscience-centric’	option	(as	is	shown	in	
Figure	6.21).	These	results	were	only	suggestive	however,	indicating	that	this	question	
warrants	further	study.	
	
	
Figure	6.20	The	expert	match	pair	for	the	3D	geological	reasoning	question.	
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Figure	6.21	The	geologically	accurate	pair	with	a	mismatch	of	geology	and	surface	cues	
(geoscience-centric)	for	the	3D	geological	reasoning	question.	
	
The	expert	match	pair	(as	shown	in	Figure	6.20)	was	the	most	common	choice	for	
participants	from	both	Carharrack	(38%	of	choices)	and	for	Hemerdon	and	Sparkwell	(41%	of	
choices).	Participants	from	Chulmleigh	though	were	much	less	successful	with	this	question,	
eschewing	the	expert	match	pair;	the	geologically	accurate	pair	with	a	mismatch	of	geology	
and	surface	cues	(geoscience-centric);	the	geologically	accurate	pair	with	a	mismatch	of	
geology	and	surface	cues	(misconception)	as	is	shown	in	Figure	6.22;	and	instead	most	
commonly	selecting	the	incorrect	pairing,	which	was	chosen	41%	of	the	time.	Participants	
did	manage	to	identify	the	expert	match	pair	during	the	survey,	selecting	that	option	32%	of	
the	time	–	the	second	most	common	answer.	
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Figure	6.22	The	geologically	accurate	pair	with	a	mismatch	of	geology	and	surface	cues	
(misconception)	for	the	3D	geological	reasoning	question.	
	
6.7	Comparison	to	the	combined	mental	model	and	the	place	of	missing	and	uncertain	
data	
As	has	been	described	in	the	previous	sections,	the	results	from	the	questionnaire	confirm,	
for	the	most	part,	the	combined	mental	models	with	information	for	the	expert	and	non-
expert	match	and	mismatch.	In	some	places,	the	public	match	with	the	expert	was	better	
than	had	been	anticipated,	particularly	on	those	nodes	that	had	been	previously	marked	as	
vague.		In	order	to	give	a	reflection	of	the	implications	of	these	relationships,	Table	6.1	has	
been	duplicated,	but	also	coloured	to	represent	those	areas	of	expert	match,	mismatch	and	
vague	or	uncertain	answers,	in	Table	6.9.	
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One	of	the	aspects	of	this	survey	that	has	not	been	addressed	previously	is	the	influence	of	
absent	answers;	the	‘I	don’t	know’	alternative	and	the	neutral	alternative.	This	is	because	in	
statistical	analysis,	the	missing	answers	cannot	be	analysed	in	the	same	way	as	the	Likert	
scale	answers	and	the	‘I	don’t	know’	answer	is	coded	as	a	missing	response.	For	the	
purposes	of	this	study	the	missing	or	uncertain	(neutral	or	‘I	don’t	know’)	data	are	extremely	
important	as	they	represent	the	lack	of	knowledge	and	understanding	that	exists	around	
communicating	about	the	geological	subsurface,	even	amongst	those	participants	confident	
enough	to	respond	to	the	survey.	Absent	or	missing	data	is	important	to	acknowledge	in	a	
study	such	as	this,	because,	as	was	expressed	by	Meth	(200,	page	202)	“what	is	omitted	and	
overlooked	is	often	as	interesting	as	what	is	recorded	and	discussed”.		A	common	note	left	in	
the	comments	section	expressed	the	participants’	dismay	at	their	own	ignorance	(Figure	
6.23).	Figure	6.24	includes	the	influence	of	the	absent	and	uncertain	data	on	the	nodes	of	
the	mental	models,	but	what	is	not	shown	by	this	table	is	that	now	the	absent	and	uncertain	
data	is	the	second	strongest	group	in	nearly	every	case	and	this	highlights	the	importance	of	
the	absent	and	uncertain	data	in	discussing	the	implications	of	the	quantitative	survey.	
	
	
Figure	6.23	One	participant’s	comment	written	at	the	end	of	the	survey,	which	demonstrates	
a	common	reflection.	
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Rocks	are	very	important	to	the	history	of	the	
Westcountry.
New	mining	is	just	an	extension	of	the	historical	mining	
that	is	our	heritage.
New	geological	industry	(e.g.	mining)	would	change	the	
community	in	my	area.
People	born	and	raised	in	the	Westcountry	think	about	
local	geology	differently	to	people	not	born	here.
Old	mining	areas	are	waste	ground	and	should	be	
improved	to	look	better.
If	there	has	been	mining	in	an	area	then	the	ground	is	
broken	and	unsafe.
Smaller	rocks	are	found	nearer	the	surface	and	larger	
rocks	are	found	deeper	beneath	the	surface.
New	geological	industry	(e.g.	mining)	would	cause	
damage	to	the	rock	beneath	me.
The	deeper	you	go	underground,	the	colder	the	rocks	
become.
The	type	of	soil	in	an	area	depends	on	the	type	of	rock	
that	is	underneath	it.
If	you	see	slate	rock	sticking	out	at	the	top	of	a	hill	that	
means	that	the	hill	is	made	of	slate.
If	a	rock	is	hard	then	it	forms	a	solid	layer.
A	fault	in	the	rock	means	that	it	is	unstable.
Granite	is	a	very	soft	rock	that	breaks	easily.
Water	cannot	flow	through	solid	rock.
If	you	see	a	granite	tor	at	the	top	of	a	hill,	that	means	
the	hill	is	made	of	granite.
Water	naturally	forms	channels	underground	in	order	to	
flow	through	rock.
Rock	layers	in	the	Earth	are	solid	and	unmoving	(except	
in	extreme	cases	like	an	earthquake).
Most	of	the	material	within	the	top	mile	(1.6km)	below	
us	is	influenced	by	people	– ancient	structures,	human	…
Where	there	is	a	river	in	a	valley,	it	means	that	there	is	a	
lot	of	water	under	the	rocks	beneath	it.
The	type	of	rock	in	an	area	changes	the	way	that	the	
landscape	looks.
The	temperature	of	the	rocks	increase	the	closer	they	
are	to	the	centre	of	the	Earth.
Like	an	onion,	the	Earth	is	made	up	of	rings	of	rock	and	
magma.
If	you	dig	down,	there	are	lots	of	different	types	of	soil	
before	you	get	to	the	rock.
The	way	the	landscape	looks	is	because	the	geology	
underneath	is	the	same	shape.
The	most	common	rock	in	Devon	and	Cornwall	is	
granite.
Expert	Match Expert	Mismatch Absent	or	uncertain
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Figure	6.24	The	percentage	of	answers	per	question	in	the	statement	section,	divided	by	
expert	match,	mismatch	and	absent	or	uncertain	data.	
	
In	summary	this	chapter	presents	results	that	in	general	support	the	results	from	the	
previous	mental	models	chapter.	However,	it	was	interesting	to	see	the	lack	of	significance	
of	location	in	many	cases	(especially	when	looking	at	the	data	as	a	whole)	and	instead	the	
value	on	the	length	of	time	a	participant	has	been	resident.	There	were	connections	
between	the	experiences	of	participants	and	particular	aspects	of	the	survey,	for	example	
the	focus	of	Hemerdon	and	Sparkwell	residents	on	the	current	events	at	Drakelands	mine	
during	the	interviews,	and	the	overwhelming	success	of	the	survey	participants	from	that	
area	in	matching	the	expert	answers	for	the	visual	questions.	There	also	appears	to	be	a	
strong	focus	on	certain	aspects	of	heritage	and	cultural	value,	particularly	around	the	rock	
type	granite,	the	questions	of	which	people	were	more	confident	in	answering		than	any	
other(with	the	exception	of	the	surface/subsurface	relationship	question).	The	implications	
of	these	data	and	their	interactions	with	the	data	collected	during	the	qualitative	data	
collection	stage	have	interesting	and	unexpected	implications,	which	will	be	more	fully	
explored	in	the	discussion	in	Chapter	7.	
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Rocks	are	very	important	to	the	history	of	the	Westcountry.	
	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 x	 	 	 	
New	mining	is	just	an	extension	of	the	historical	mining	that	is	our	heritage.	
	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 x	 	 	 	 x	 	 	 	
New	geological	industry	(e.g.	mining)	would	change	the	community	in	my	area.	
	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 x	 x	 	 	 	 	 	 	 	
People	born	and	raised	in	the	Westcountry	think	about	local	geology	differently	to	people	not	born	here.	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 x	 	 	 	
Old	mining	areas	are	waste	ground	and	should	be	improved	to	look	better.	
	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 x	 x	
If	there	has	been	mining	in	an	area	then	the	ground	is	broken	and	unsafe.	 x	 	 	 x	 	 	 	 	 	 	 	 	 	 x	 	 x	 	 	 	 	 	 	 	 	 	 	 	
Smaller	rocks	are	found	nearer	the	surface	and	larger	rocks	are	found	deeper	beneath	the	surface.	 x	 	 	 	 x	 x	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
New	geological	industry	(e.g.	mining)	would	cause	damage	to	the	rock	beneath	me.	 x	 	 	 x	 	 	 	 	 	 	 x	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	
The	deeper	you	go	underground,	the	colder	the	rocks	become.	 x	 	 x	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
The	type	of	soil	in	an	area	depends	on	the	type	of	rock	that	is	underneath	it.	
	 x	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
If	you	see	slate	rock	sticking	out	at	the	top	of	a	hill	that	means	that	the	hill	is	made	of	slate.	 x	 x	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
If	a	rock	is	hard	then	it	forms	a	solid	layer.	
	 	 x	 	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
A	fault	in	the	rock	means	that	it	is	unstable.	
	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	
Granite	is	a	very	soft	rock	that	breaks	easily.	
	 x	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	
Water	cannot	flow	through	solid	rock.	
	 	 x	 x	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 	 	 	 	 	 	 	 	 	
If	you	see	a	granite	tor	at	the	top	of	a	hill,	that	means	the	hill	is	made	of	granite.	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
Water	naturally	forms	channels	underground	in	order	to	flow	through	rock.	
	 	 x	 x	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 	 	 	 	 	 	 	 	 	
Rock	layers	in	the	Earth	are	solid	and	unmoving	(except	in	extreme	cases	like	an	earthquake).	
	 	 x	 x	 	 x	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	
Most	of	the	material	within	the	top	mile	(1.6km)	below	us	is	influenced	by	people	–	ancient	structures,	
human	waste,	etc.	 x	 	 	 	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	
Where	there	is	a	river	in	a	valley,	it	means	that	there	is	a	lot	of	water	under	the	rocks	beneath	it.	 x	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 x	 	 	 	 	 	 	 	 	 x	 	
The	type	of	rock	in	an	area	changes	the	way	that	the	landscape	looks.	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
The	temperature	of	the	rocks	increase	the	closer	they	are	to	the	centre	of	the	Earth.	
	 	 x	 	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Like	an	onion,	the	Earth	is	made	up	of	rings	of	rock	and	magma.	
	 	 	 	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
If	you	dig	down,	there	are	lots	of	different	types	of	soil	before	you	get	to	the	rock.	 x	 	 	 	 	 	 	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
The	way	the	landscape	looks	is	because	the	geology	underneath	is	the	same	shape.	 x	 	 	 	 	 x	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	
The	most	common	rock	in	Devon	and	Cornwall	is	granite.	
	 x	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x	 	 	 	 	 	 	 x	 	
	TOTALS	 11	 7	 7	 7	 5	 6	 2	 3	 0	 0	 4	 2	 2	 4	 0	 3	 3	 0	 5	 3	 0	 2	 0	 3	 0	 9	 2	
Table	6.9	Statement	association	with	nodes	coloured	to	represent	expert	match	(green),	mismatch	(red)	and	uncertainty	(orange)	from	quantitative	data,	adjusted	for	absent	and	uncertain	
data
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Chapter	7	The	Public	Perception	of	the	Geological	Subsurface		
	
7.1	Introduction	
The	purpose	of	this	research	was	to	gather	information	on	the	public	perception	of	the	
geological	subsurface	and	use	the	findings	to	explore	the	potential	benefits	for	geoscience	
communication.	This	chapter	will	place	the	results	of	the	qualitative	and	quantitative	mental	
models	study	within	the	broader	context	of	the	study	of	geoscience	cognition	and	
communication.	First,	the	method	itself	will	be	located	within	the	time	and	place	that	the	
data	collection	was	conducted,	in	order	to	confirm	its	suitability	for	the	study	and	to	justify	
the	location	of	the	researcher.	The	results	of	the	mental	models	study	will	then	be	examined	
in	more	detail	by	looking	at	the	expert	data	and	their	cognitive	frameworks;	then	the	non-
expert	data	and	their	cognitive	frameworks.	Thereafter	these	data	will	be	compared	to	
discriminate	the	‘perceptual	gap’	between	the	two	groups.	The	results	and	implications	of	
the	data	will	also	be	examined	in	the	context	of	the	cultural	influence	of	the	Westcountry	
and	how	the	industrial	and	cultural	heritage	has	influenced	the	participants’	perceptions	of	
the	geological	subsurface.	These	results	will	then	be	considered	in	relation	to	the	question:	
‘how	can	a	better	appreciation	of	the	public	perception	of	the	geological	subsurface	be	used	
to	improve	geoscience	communication’	and	the	connection	of	the	answer	to	that	question	
will	be	made	with	geoscience	literacy.	Finally,	the	methodological	implications	of	the	study	
will	be	discussed	in	regards	to	the	use	of	the	mental	models	approach	in	terms	of	exploring	
the	public	perception	of	unknown	or	unfamiliar	subjects.		
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7.2	A	contextual	reflection	on	the	data	collection	and	place	of	the	researcher		
In	exploring	the	public	perceptions	of	the	geological	subsurface	it	was	necessary	to	use	a	
method	that	allowed	participants	to	elucidate	their	own	thoughts	and	ideas	in	some	detail	
before	applying	those	ideas	in	a	broader	context.	In	order	to	give	the	participants	the	ability	
to	fully	explore	their	ideas	about	this	unfamiliar	subject	the	researcher	utilised	various	
processes.	Semi-structured	interviews,	combined	with	3D	participatory	cubes	supported	
discussions	about	geology	in	general,	industrial	geology,	geological	heritage,	local	geology	
and,	of	course,	the	geological	subsurface.	The	benefit	of	using	the	mental	models	method	
lies	in	the	structured	approach	to	gathering	new	data	about	an	unfamiliar	subject	and	
collating	that	data	together	into	a	comprehensible	whole.	Concepts	that	were	commonly	
expressed	were	identified	as	nodes	which	could	be	positive	or	negative	depending	on	the	
participant.	The	more	common	or	central	a	node	was	to	an	individual’s	discussion	of	the	
topic,	the	more	dominant	it	was	in	the	mental	model.	This	allowed	the	mental	models	to	
reflect	the	participant’s	conceptual	model	as	accurately	as	possible,	once	removed	from	the	
participant’s	cognitive	framework.	
	
The	mental	models	method,	therefore,	is	well	suited	to	answering	the	question:	‘what	do	
people	think	exists	in	the	geological	subsurface?’	It	allows	not	only	for	the	elicitation	of	
ideas	that	are	diverse	and	unconventional,	but	also	for	the	representation	of	absences	and	
gaps	in	knowledge	by	placing	the	knowledge	of	the	expert	and	non-expert	in	equilibrium	
with	each	other.	This	presents	the	gaps	for	both	non-expert	and	expert	groups	equally.	This	
is	important	as	the	conventional	literature	on	geoscience	literacy	often	emphasises	the	
importance	of	the	expert’s	knowledge,	but	newer	science	communication	paradigms,	such	
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as	‘science	and	society’	place	greater	emphasis	on	the	balance	of	understanding	within	a	
whole	community,	as	opposed	to	knowledge	(Sturgis	and	Allum,	2004).	The	science	and	
society	paradigm	focuses	on	the	place	of	science	communication	as	an	equal	dialogue,	with	
participant	understanding	considered	as	valuable	as	the	expert’s	knowledge.	This	attitude	
towards	placing	the	participant	concepts	in	equilibrium	with	the	expert	is	also	derived	from	
the	constructivist	method	of	science	communication	whereby	the	participant	constructs	
understanding	by	integrating	new	data	with	previously	lived	experiences,	held	concepts	and	
cherished	ideas	(Weber	and	Stern,	2011).	
	
One	of	the	drawbacks	of	the	mixed	method	approach	of	mental	models	is	that	it	relies	on	
both	qualitative	and	quantitative	data	collection	to	be	undertaken	in	a	more	limited	time	
frame	and	this	may	impact	on	the	range	or	depth	of	data	acquired.	This	was	found	in	the	
secondary	stage	of	data	collection	using	the	questionnaire,	where	there	was	little	recourse	
to	improve	the	smaller	sample	size	collected	in	response	to	the	questionnaire.	This	meant	
the	sample	from	the	questionnaire	was	not	as	robust	as	would	have	been	preferred	and	the	
time	and	financial	restrictions	on	the	project	meant	there	were	limited	opportunities	to	
employ	the	follow	up	techniques	which	have	proved	to	be	successful	in	increasing	the	
response	rate	for	questionnaires	(Sahlqvist	et	al.,	2011).			
	
Despite	this,	the	mental	models	approach	has	successfully	provided	a	broad	insight	into	how	
the	different	groups,	both	expert	and	non-expert,	conceptualise	the	geological	subsurface.	
The	qualitative	data	collection	identified	new	and	unexpected	concepts	within	the	groups	
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and	also	how	the	concepts,	which	were	similar,	migrated	between	groups.	The	quantitative	
data	collection	tested	the	assumptions	constructed	from	the	qualitative	data	collection	and	
overall	those	results	did	support	the	results	from	the	initial	phase.		
	
As	was	mentioned	in	Chapter	4,	it	is	necessary	for	researchers	to	consider	the	location	of	
the	researcher	and	the	role	of	bias	in	the	data.	This	study	placed	the	researcher	in	the	role	
of	researcher-observer	(Feig,	2011),	which	necessitates	the	reflection	of	the	researcher	on	
the	data	collected	and	the	method	of	data	collection.	Qualitative	data	is	by	its	very	nature	
subjective.	The	researcher	interprets	the	results	of	the	data	through	the	lens	of	their	own	
bias,	which	can	sometimes	lead	to	unrepresentative	results	(Bryman,	2015).	In	order	to	
reduce	the	impact	of	this	influence	from	the	researcher,	the	mental	models	approach	
extrapolates	from	the	qualitative	data	to	the	quantitative,	then	tests	the	results	of	those	
data	in	a	larger	population.	This	test	should	reveal	any	areas	where	the	data	is	not	
representative	of	a	broader	concept,	or	where	researcher	bias	has	influenced	the	
conclusions.	In	this	study	the	results	of	the	questionnaire	aligned	well	with	the	results	from	
the	semi-structured	interviews,	indicating	that	the	sample	selected	for	the	qualitative	data	
collection	was	representative	and	that	the	data	were	not	greatly	impacted	by	the	
researcher.	Although	there	are	always	individual	variations	in	terms	of	the	strength	of	
positive	or	negative	associations	with	a	subject,	the	presence	of	the	subject	and	the	degree	
of	expert	match	were	used	to	assess	the	goodness	of	fit	between	the	two	data	sets.	One	
other	aspect	which	influenced	the	data	and	was	present	during	the	interviews	(but	is	
difficult	to	represent	in	the	model	diagrams),	was	the	place	of	the	absence	of	knowledge,	or	
uncertainty.	This	was	found	to	be	much	more	common	in	the	questionnaires	than	in	the	
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interviews,	although	several	factors	could	explain	this,	including	the	likelihood	of	more	
confident	individuals	volunteering	for	interview	and	the	positive	effect	that	the	presence	of	
the	interviewer	has	on	the	answers	provided	by	participants	in	interview	(Ongena	and	
Dijkstra,	2007).	
	
The	time	frame	in	the	UK	within	which	the	initial	data	collection	was	conducted	was	also	
influential	to	this	study.	Between	January	and	March	2014	the	Westcountry	experienced	
severe	storms	and	flooding:	with	water	caused	extreme	disruption	in	the	area,	particularly	
to	transport	links	including	the	only	railway	line	out	of	the	southwest	which	was	completely	
destroyed	at	Dawlish	as	is	shown	in	Figure	7.1	(BBC,	2014).	This	extreme	weather	is	very	
likely	to	have	had	an	influence	on	the	results	of	the	qualitative	data	collection	given	the	
connections	between	flooding	and	landscape	that	were	very	visibly	present	at	the	time.	
	
Figure	7.1	Damage	at	Dawlish	railway	line	caused	by	extreme	weather	events	of	winter	to	
spring	2014	(BBC,	2014).	Permission	to	reproduce	this	image	has	been	granted	through	fair-
use	copyright.	
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7.3	The	expert	perception	of	the	geological	subsurface	
The	results	obtained	by	the	qualitative	data	collection	into	the	expert	cognitive	model	
regarding	the	geological	subsurface	clearly	showed	the	focus	that	the	geological	experts	
have	on	the	connection	between	the	visible	surface	and	the	invisible	subsurface.	This	
connection	took	many	forms:	from	discussions	of	geomorphology	and	the	connection	
between	the	soil	and	the	rock;	between	local	economy	and	industry;	the	location	of	mineral	
resources;	and	between	landscape	features	and	subsurface	structures	and/or	rock	types.	
This	web	of	conceptual	connections	around	the	subject	of	what	exists	in	the	geological	
subsurface	is	shown	in	Figure	7.2.	
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Figure	7.2	Mental	model	diagram	representing	conceptual	connections	relating	to	the	
question	‘how	do	you	perceive	the	geological	subsurface’	from	expert	participants.	
	
Of	these	connections,	the	most	dominant	was	the	one	that	connected	surface	expressions	
of	geology	such	as	cliffs,	river	exposures	and	other	such	features,	with	the	geological	
structures	below	the	surface.	This	kind	of	thinking,	as	evidenced	by	Eric	in	Quote	7.1,	was	
very	common	amongst	the	experts,	and	featured	in	both	implicit	and	explicit	discussions	of	
the	geological	subsurface.	This	use	of	surface	features	in	extrapolating	the	geological	
subsurface	is	not	really	surprising	when	you	consider	the	experiential	and	fieldwork	based	
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way	that	the	majority	of	geological	courses	are	taught.	Even	the	expert	without	a	University	
degree	in	geology,	Ethan,	used	this	method	as	his	training	was	received	in	the	field,	albeit	as	
an	employee	of	a	mining	company.		
	
Quote	7.1	
I	think	of	it	in	terms	of	Devon	and	Cornwall,	I	think	of	a	spine	of	outcrops	of	granite,	
which	are	connected	together	below	the	surface,	they’re	all	the	same	bit	of	granite,	
just	poking	out	the	ground	at	different	places,	having	been	intruded	up	through	
sediments	and	having	metamorphosed	those	sediments	to	a	significant	extent	and	
created	a	sort	of	local	mish-mash	of	metamorphosed	rocks	that	people	refer	to	as	
killas.	–Eric		
	
This	finding	supports	the	concept	in	geoscience	education	that	fieldwork	is	a	central	part	of	
how	geoscientists	learn	about	geology,	and	that	field	learning	is	both	preceded	and	
proceeded	by	classroom	learning,	which	places	the	features	observed	in	the	field	into	
context	with	accepted	geological	structures	(Kastens	et	al.,	2009;	Frodeman,	1995).	
However,	other	aspects	of	the	experts’	response	are	also	relevant	in	this	discussion,	in	
particular	the	use	of	3D	spatial	reasoning.	3D	spatial	reasoning	was	used	by	all	the	
geoscience	experts	when	discussing	the	geological	subsurface	specifically,	an	example	of	
which	can	be	seen	in	Elliot’s	use	of	the	cube	model	in	Figure	7.3.		
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Figure	7.3	Elliot’s	conceptualisation	of	the	geological	subsurface	using	3D	spatial	reasoning	
as	expressed	on	the	cube	diagram	for	Hemerdon	and	Sparkwell.	
	
This	almost	spontaneous	use	of	the	3D	spatial	reasoning	was	also	identified	by	Kastens	and	
Ishikawa	(2006b)	as	an	automatic	behaviour	by	expert	geoscientists	approaching	new	data.	
This	process	was	one	that	developed	through	extensive	experience	and	exposure	to	the	
subject	and	was	described	as	being	“more	than	a	simple	mechanical	extrapolation	between	
the	observed	sections	or	profiles”	(Kastens	and	Ishikawa,	2006b,	page	69).	There	is	evidence	
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that	3D	spatial	reasoning	can	be	improved	with	training	(Kyllonen	et	al.,	1984;	Piburn	et	al.,	
2005;	Kail,	1986),	although	most	people	have	some	degree	of	inherent	ability	(Piaget	and	
Inhelder,	1967a).	The	difference	in	this	case,	was	the	spontaneous	use	of	the	3D	spatial	
range	as	provided	by	the	cube,	which	was	common	to	all	expert	participants.	In	fact	many	
experts	used	gestural	supplements	to	their	verbal	explanations	of	geological	concepts;	
especially	when	describing	a	subsurface	structure	such	as	fault	planes	or	angled	deposits.	
This	use	of	gesture	has	also	been	described	as	being	demonstrative	of	the	individual	
engaging	with	3D	spatial	reasoning	whilst	attempting	to	communicate	a	topic	(Kastens	et	al.,	
2008).		
	
Although	the	experts	were	all	able	to	use	3D	spatial	reasoning	without	apparent	cognitive	
strain,	there	was	another	factor	that	was	common	to	all	the	experts,	which	was	the	use	of	
specific	technical	and	local	language	used	to	describe	the	geology,	in	both	surface	and	
subsurface	contexts.	This	type	of	language	was	not	always	explained	into	colloquial	
language	and	in	some	cases	was	used	in	lieu	of	any	other	explanation,	as	is	shown	in	Quote	
7.2.	
	
Quote	7.2	
So	you’ve	got	the	rocks,	the	slates,	you’ve	got	the	Upper	Devonian	slates	they	have	a	
cleavage	dip	towards	the	south	and	they’re	interbedded	with	these,	some	quite	thin,	
some	quite	thick	units	of	basalt	and	volcanic	breccia	and	ash	and	some	thing	and	
another	which	has	become	lithified	of	course	so	it’s	turned	into	hard	rock	and	as	you	
go	towards	the	granite	you	have	the	effects	of	thermal	metamorphism	of	the	
granite,	which	has	produced	hornfels.	–	Edmund	
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This	use	of	technical	language	along	with	the	detailed	diagrams	that	feature	structural	
information,	added	scales	and	geological	symbols	displays	the	high	level	of	geological	
knowledge	that	was	anticipated	with	the	expert	participants.	What	is	interesting	is	that	in	
previous	studies	it	has	been	shown	that	factual	knowledge	can	allow	the	individual	to	
bypass	cognitive	processes	which	are	challenging,	and	yet	still	achieve	a	high	degree	of	
success	in	geological	tasks	(Hambrick	et	al.,	2012).	With	the	expert	participants	
demonstrating	both	a	high	level	of	factual	knowledge	and	a	good	competency	at	spatial	
reasoning,	it	is	therefore	not	surprising	that	the	expert	participants	produced	broadly	similar	
results	that	connected	the	surface	with	the	subsurface,	with	a	focus	on	technical	detail	and	
spatial	relationships.	
	
7.4	The	non-expert	perception	of	the	geological	subsurface	
In	terms	of	the	non-expert	participants,	a	very	different	story	emerged	from	the	data,	one	
that	represented	a	dichotomy	of	approaches	which	were	used	to	visualise	the	subsurface.	
The	first	of	these,	the	anthropocentric	approach,	used	human	interaction	with	the	
geological	subsurface	as	a	way	to	penetrate	the	visible	boundary	of	the	surface.	This	
approach	was	commonly	used	by	participants	in	Carharrack	(and	the	lone	participant	who	
produced	an	anthropocentric	diagram	from	Chulmleigh)	who	described	old	shaft	based	
mining,	which	was	common	in	Cornwall	and	some	parts	of	Devon	from	the	Middle	Ages	to	
the	late	19th	century	with	the	last	active	shaft	based	mine,	South	Crofty,	closing	in	1998.	This	
type	of	mining	creates	a	distinctive	pattern	of	short	branching	shafts	and	galleries	that	is	
demonstrated	in	Figure	7.4	which	was	drawn	by	Kara,	one	of	the	most	detailed	of	the	
diagrams	to	use	this	method.	
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Figure	7.4	Anthropocentric	diagram	featuring	a	shaft	mine	as	the	dominant	concept	
expressed	in	response	to	the	question	‘what	exists	in	the	geological	subsurface’.	
	
Although	Kara’s	diagram	does	add	some	peripheral	detail	about	the	presumed	rock	type	and	
accessory	minerals,	as	well	as	some	detail	regarding	the	plant	life	that	can	be	found	locally	
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and	the	behaviour	of	water,	most	often	these	diagrams	were	characterised	by	the	lack	of	
geological	data	that	was	provided	with	them.	They	were	very	locally	specific;	often	the	
participant	could	name	the	old	mining	structure	location	or	engine	house,	such	as	Pennance	
Consols	or	the	Consolidated	Mines	(Figure	7.5)	or	Wheal	Maid.	These	descriptions	were	
often	accompanied	by	geographical	data,	where	the	participant	would	use	spatial	reasoning,	
but	not	in	relation	to	the	geological	subsurface	(see	Chapter	5).	What	is	interesting	here	is	
that	although	the	participants	displayed	the	ability	to	employ	spatial	reasoning,	both	during	
the	interviews,	and	in	the	questionnaire,	it	did	not	appear	to	be	immediately	logical	to	the	
participants	to	employ	that	thinking	in	a	geological	sense.	Although	non-expert	participants	
were	frequently	able	to	match	the	expert	answer:	correctly	pairing	the	diagrams	for	the	3D	
reasoning	question	in	the	questionnaire,	this	was	not	so	common	as	to	assume	that	the	data	
from	the	interviews	is	misleading.	It	should	be	noted	that	it	is	possible	to	answer	this	
question	using	pattern	recognition	abilities	as	well	as	using	projective	3D	spatial	reasoning	
(Kastens	and	Ishikawa,	2006b).	
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Figure	7.5	The	Pennance	Consols	engine	house	(formerly	Wheal	Amelia),	just	outside	of	
Carharrack	(Atkin,	2006).	Permission	to	reproduce	this	image	has	been	granted	through	
Creative	Commons.	
	
In	Hemerdon	and	Sparkwell	a	very	different	type	of	anthropocentric	model	was	found,	one	
which	focused	on	the	presence	of	the	new	tungsten	mine	Drakelands.	Although	this	data	
was	presented	with	more	geological	information	than	the	anthropocentric	models	of	
Carharrack,	the	information	was	firmly	focussed	on	the	new	Drakelands	Mine.	The	presence	
of	tungsten	and	other	accessory	minerals	described	by	the	new	operators	Wolf	Minerals	
were	central	to	the	design	and,	as	described	in	Chapter	4,	the	drawn	models	frequently	
matched	a	schematic	showing	the	proposed	scale	and	design	of	the	new	mine	(Figure	7.6).		
This	type	of	anthropocentric	model	was	again	very	strongly	locally	focussed,	but	with	no	
285	
	
geological	information	that	was	inspired	by	the	landscape,	only	associated	geological	
information	connected	to	Drakelands	Mine.	When	queried,	the	participants	who	used	the	
anthropocentric	method	in	Hemerdon	and	Sparkwell	were	able	to	name	the	minerals,	but	
never	describe	where	they	would	be	found,	or	how	they	would	form.	This	was	further	
evidence	for	the	removal	of	local	geological	knowledge	from	this	model,	replaced	with	the	
human	interaction	caused	by	the	subsurface.	This	echoed	the	non-expert	participants	from	
Carharrack	who	were	frequently	very	confident	describing	a	list	of	minerals	that	could	be	
found	with	shaft	based	mining,	but	rarely	how	they	would	be	found,	or	how	they	came	to	be	
there.		
	
	 	
Figure	7.6	Hannah’s	anthropocentric	diagram	from	Hemerdon/Sparkwell	and	the	proposed	
schematic	for	the	Tungsten	mine	at	Drakelands	(Wolf	Minerals,	2013),	which	appear	to	
share	certain	structural	features.	Permission	to	reproduce	this	image	granted	by	Wolf	
Minerals	Ltd.	
	
The	alternative	option	to	the	anthropocentric	approach	used	by	the	non-experts	to	
penetrate	the	subsurface	boundary	was	called	the	geoscience-centric	approach.	This	was	
286	
	
because	this	produced	diagrams	that	may	have	been	more	familiar	to	geoscience	
professionals	in	their	logical	structure	and	use	of	geological	data.	The	geoscience-centric	
approach	to	penetrating	the	subsurface	was	not,	however,	an	expert	match	approach.	What	
was	clear	from	the	geoscience-centric	diagrams,	was	that	the	images	created	by	the	
participants	who	used	this	approach	was	that	they	could	have	been	reproduced	practically	
anywhere	in	the	country,	there	was	little	to	no	local	specificity.	These	diagrams	simplified	
the	geology	into	straight	lines	stacked	one	on	top	of	another	and	from	top	to	bottom:	
youngest	to	oldest	rocks;	smallest	to	largest	rocks.	These	diagrams,	when	they	did	contain	
locally	specific	geological	data,	described	the	geology	in	vague	terms	using	a	generalisation	
of	rock	or	soil	types,	with	no	thought	to	how	they	might	appear	relative	to	the	landscape.	
The	only	time	participants	expressed	a	description	that	related	the	geology	to	the	landscape	
in	the	geoscience-centric	diagrams	was	when	the	geological	layers	were	described	to	have	
followed	the	line	of	the	surface,	rather	than	the	landscape	looking	the	way	it	did	because	of	
the	geology.	This	approach	was	most	clearly	demonstrated	in	Christie’s	diagram	(Figure	7.7).	
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Figure	7.7	Christie’s	geoscience-centric	diagram	which	described	the	line	of	the	geological	
bedrock	following	the	surface	topography.	
	
These	geoscience-centric	diagrams	also	frequently	displayed	some	interesting	
misconceptions	surrounding	water	and	the	way	the	water	moved	through	or	around	the	
rocks.	As	was	mentioned	previously,	water	and	flooding	were	often	present	in	many	of	the	
non-expert	participants’	conceptual	models,	perhaps	because	of	the	extreme	flooding	and	
rainfall	events	that	occurred	throughout	2014,	during	the	time	of	data	collection.	The	
influence	of	water	was	therefore	one	that	was	discussed	much	more	than	was	anticipated	
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and	revealed	interesting	misconceptions,	particularly	in	the	way	that	water	was	perceived	
to	move	through	the	rock	using	only	underground	rivers.	This	was	a	concept	that	was	also	
dominant	in	the	questionnaire,	with	77%	of	respondents	to	the	questionnaire	choosing	
‘agree’	in	response	to	the	statement	‘Water	naturally	forms	channels	underground	in	order	
to	flow	through	rock’.	This	mismatched	conceptualisation	of	the	way	that	water	moves	
through	and	around	rocks	was	persistent	amongst	the	surveyed	population	and	also	
represented	a	fundamental	mismatch	between	the	way	that	the	experts	and	non-experts	
perceive	the	properties	of	the	rock	(Gibson	et	al.,	2016).		The	non-experts	had	difficulty	in	
expressing	how	water	existed	in	the	subsurface,	frequently	connecting	surface	expressions	
of	water,	such	as	rivers,	with	large	subterranean	masses	of	water,	which	existed	
independent	of	any	particular	rock	type.		
	
Similarly	the	depiction	and	description	of	the	size	of	rocks	in	the	subsurface	was	discussed	in	
a	way	that	features	a	mismatch	with	expert	perceptions.	Commonly	the	geoscience-centric	
model	would	feature	a	description	of	the	size	of	rocks,	increasing	towards	the	centre	of	the	
Earth.	Again,	this	conceptualisation	was	usually	broad	and	non-specific	to	the	region	(Figure	
7.8).	In	the	questionnaire,	in	a	question	written	to	address	the	idea	of	the	size	of	rocks,	
participants	also	demonstrated	an	expert	mismatch,	with	the	largest	group	(34%)	choosing	
to	agree	with	the	question	‘Smaller	rocks	are	found	nearer	the	surface	and	larger	rocks	are	
found	deeper	beneath	the	surface’.	Once	again	this	indicates	a	fundamental	mismatch	in	
perception	about	the	properties	of	the	rocks,	especially	at	different	depths.	
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Figure	7.8	Hillary’s	geoscience-centric	diagram	demonstrates	a	simplified	model	with	the	
size	of	rocks	increasing	towards	the	centre	of	the	Earth.	
	
The	second	noteworthy	aspect	highlighted	by	the	non-expert	models	was	the	importance	of	
culture	and	community,	particularly	in	relationship	to	heritage	and	industry.	In	many	cases	
people	expressed	a	strong	sense	of	importance	of	the	history	of	geological	industry	in	the	
Westcountry	as	a	part	of	their	heritage.	Whilst	this	was	usually	expressed	positively,	such	as	
by	Kevin	in	Quote	7.3,	modern	mining	industry	was	connected	to	community	in	a	far	more	
negative	way,	as	is	demonstrated	by	Hannah	in	Quote	7.4.	
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Quote	7.3	
A	lot	of	born	and	bred	Cornish	people	they	see	the	mining	heritage	as	being	central	
to	their	sense	of	self,	central	to	their	self-image	I	suppose.		–	Kevin	
	
Quote	7.4		
I	don’t	know	how	many,	I've	never	actually	stopped	to	count	because	I	found	it	too	
upsetting,	but	there's	families	that	have	gone	now	[the	mine	has	opened]	that	were	
vital	to,	sort	of,	a	nice,	cohesive,	village	life.	–	Hannah	
	
This	role	of	culture	and	identity	was	less	connected	to	the	perception	of	the	subsurface,	but	
those	locations	where	that	sense	of	culture	and	identity	were	more	strongly	mentioned	in	
the	interview	were	the	places	where	the	participants	were	more	likely	to	use	the	
anthropocentric	approach	to	accessing	the	geological	subsurface.	In	these	cases,	local	
geological	heritage	and	industry	was	either	more	valued	or	more	critical	than	in	other	cases.	
This	is	also	reflected	by	an	interesting	result	from	the	questionnaires,	which	was	the	level	of	
importance	given	to	the	location	as	a	factor	in	the	degree	of	expert	match	with	selecting	the	
correct	2D	subsurface	diagram	(Chapter	6.3.4.1).	The	participants	from	Carharrack	more	
often	selected	the	mining	structure	alternative,	whilst	those	from	Hemerdon	and	Sparkwell	
were	more	likely	to	select	the	expert	match	for	their	location.	This	importance	of	local	
cultural	and	industrial	issues	was	also	echoed	by	responses	to	the	question	‘Rocks	are	very	
important	to	the	history	of	the	Westcountry’,	which	were	overwhelmingly	positive	(93%	
choosing	agree,	52%	choosing	strongly	agree).		
	
This	data	aligned	with	findings	from	previous	studies	that	used	the	social	constructivist	
paradigm	of	risk	perception	and	found	that	in	circumstances	where	the	perceived	risk	is	
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amplified	by	individuals,	the	importance	of	the	influence	of	the	local	community,	cultural	
identity	and	attitudes	cannot	be	overlooked	(Kasperson	et	al.,	1988).	Given	the	value	
ascribed	to	community	and	culture	by	the	participants	of	this	study	it	is	likely	that	
individuals	in	these	areas	will	experience	a	strong	degree	of	social	amplification	or	
attenuation	of	risk	(depending	on	the	specific	conditions	of	the	risk	in	question).	For	
instance,	the	social	and	cultural	values	held	by	Carharrack	participants	suggest	an	
attenuation	of	the	risk	potential	that	could	arise	from	new	geological	industry	developing	in	
the	area,	whereas	participants	from	Hemerdon	and	Sparkwell	may	have	been	experiencing	
an	amplification	of	the	perception	of	the	risk	posed	by	the	new	Drakelands	Mine,	one	that	is	
only	being	supported	by	mainstream	media	communications	(BBC,	2015).	What	is	
interesting	though	is	that	in	this	circumstance,	participants	from	Chulmleigh	showed	lower	
value	judgements	towards	traditional	geological	culture,	heritage	or	industry.	In	the	context	
of	social	constructivism,	this	may	indicate	that	broader	societal	impacts	and	interpretations	
of	risk	in	Chulmleigh	will	be	influenced	by	societal	and	cultural	factors	that	are	less	
connected	with	geology	than	the	other	two	locations	(Renn	et	al.,	1992).	
	
Another	key	finding	to	arise	from	the	non-expert	data	was	a	particular	use	of	language	and	
description	that	was	very	different	to	the	experts.	Perhaps	because	the	non-expert	
participants	used	technical	language	less,	they	used	experiential	or	descriptive	language	in	
discussions	about	the	rocks	more	often,	particularly	when	discussing	the	geological	
subsurface.	Descriptions	of	the	temperature,	tactile	sensations	of	interacting	with	the	rocks,	
the	sensory	experience	of	being	underground	and	a	physical	description	of	the	strength	and	
properties	of	rocks	were	not	uncommon	in	the	interviews.	This	use	of	experiential	language	
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to	construct	the	participants’	conception	of	rocks,	the	geological	subsurface	and	the	Earth’s	
structure	is	very	much	in	line	with	the	constructivist	way	of	learning,	whereby	participants	
use	their	existing	experiences	and	ideas	to	construct	new	ones	(Frewer,	2004;	Bubela	et	al.,	
2009).	This	‘construction’	of	the	participant’s	conceptual	model	from	personal	experience	
that	is	described	in	an	experiential	way	is	clearly	demonstrated	by	Hannah	(Quote	7.5).	
	
Quote	7.5	
Yeah,	[I	think]	there's	a	mine	or	[something	similar]	in	the	vicinity.		It	was	very	wet.		I	
can	remember	it	being	smelly	and	dark	and	stuff	and	then	you	come	up	and	it's	like	
nothing's	underneath	you	because	life's	just	the	same,	but	you	don't	know	what's	
going	on	underneath.	–	Hannah	
	
This	use	of	descriptive	experiential	language	was	another	of	the	key	differences	between	
the	expert	and	the	non-expert.	Although	the	processes	or	features	may	have	been	the	
same,	they	way	that	they	were	approached	and	conceptualised	was	fundamentally	different	
between	the	two	groups.	An	important	question	that	has	arisen	from	this	data	is:	to	what	
extent	would	the	descriptions	of	each	group	be	recognisable	to	the	other?	Is	this	difference	
a	fundamental	one	that	exists	between	groups	of	experts	and	non-experts	or	specific	to	just	
this	study?	Another	feature	of	the	data	that	is	related	to	this	is	the	role	of	emotion.	There	
was	a	strong	divide	in	the	different	locations	in	terms	of	whether	a	positive	or	negative	
emotion	was	expressed	in	association	with	geology.	Overall	(and	there	were	still	exceptions)	
the	positive	emotions	such	as	pride,	enjoyment	and	support	connected	to	geology	were	
expressed	in	Carharrack.	In	Hemerdon	and	Sparkwell	there	was	a	divide	in	the	use	of	
positive	and	negative	emotional	descriptions,	depending	on	whether	the	participant	valued	
‘the	community’	over	any	potential	economic	gain.	In	Chulmleigh,	the	use	of	emotive	
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language	was	less	common,	but	was	apparent	in	relation	to	national	geological	issues,	such	
as	fracking	or	the	occurrence	of	sinkholes,	where	the	prevailing	emotion	was	negative,	but	
not	strongly	so.	
	
7.5	The	conceptual	gap	between	the	non-expert	and	the	expert			
One	of	the	key	benefits	in	the	use	of	the	mental	models	method	is	the	ability	it	gives	the	
researcher	to	identify	the	gaps	in	perception	between	the	expert	and	non-expert.	This	is	not	
to	say	that	the	expert	is	right	and	the	non-expert	is	wrong	or	vice	versa,	but	merely	that	
differences	exist	between	them	in	the	way	they	conceptualise	the	data	and	the	mental	
models	approach	can	illuminate	those	differences.	In	this	study,	there	were	a	number	of	
perceptual	differences	identified	from	the	use	of	language	and	the	use	of	3D	spatial	
reasoning,	to	the	degree	of	alignment	between	the	two	groups	in	terms	of	factual	
knowledge.	The	key	difference,	however,	came	in	the	form	of	the	method	used	by	each	
group	to	penetrate	beyond	the	visual	boundary	of	the	surface	and	into	the	geological	
subsurface.	
	
What	is	evident	from	the	data	is	that	there	is	a	clear	difference	between	the	ways	that	the	
expert	and	non-expert	access	their	conceptualisations	of	the	geological	subsurface.	The	
approaches	of	expert	and	non	expert	seem	to	have	certain	things	in	common:	locally	
specific	information	and	a	use	of	geological	data.	However,	the	two	groups	use	this	
information	in	very	different	ways.	The	approach	to	the	integration	of	these	two	sets	of	data	
is	displayed	in	Figure	7.9.	
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Figure	7.9	The	contrasting	approaches	that	expert	and	non-expert	participants	use	to	
penetrate	the	geological	subsurface.	
	
This	diagram	represents	how	the	non-experts	use	one	of	two	methods	of	penetrating	the	
surface:	the	anthropocentric	approach,	which	focussed	on	using	locally	specific	information,	
based	on	the	human	interaction	with	the	subsurface;	and	the	geoscience-centric	approach,	
which	uses	geological	information,	but	in	a	broad,	non	specific	way,	with	little	or	no	
connection	with	local	features.	What	is	different	to	the	expert	approach	is	that	the	
geoscience	experts	approach	combines	both	of	these;	employing	locally	specific	cues,	
usually	in	the	landscape,	to	extrapolate	into	the	subsurface,	where	detailed	geological	data	
is	used	to	construct	their	conception	of	the	geological	subsurface.	Although	the	expert	
combines	local	and	specific	geological	data,	the	non-expert	participants	do	not	appear	to	
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combine	these	two	approaches,	instead	using	either	a	locally	specific,	but	non-geological	
approach,	or	a	geological	approach	that	has	no	local	detail.		
	
This	dichotomy	could	easily	lead	to	confusion,	as	some	participants	have	good	local	
knowledge,	especially	when	it	comes	to	human	interaction,	and	they	can	also	employ	
broader	geoscience-centric	ideas	to	the	geological	subsurface,	but	there	is	no	connection	
between	the	two.	For	the	expert,	the	connection	is	landscape.	In	the	expert	model,	
landscape	plays	an	integral	role	in	penetrating	the	geological	subsurface	in	a	locally	specific	
area.	Human	geological	activity	is	embedded	within	that	landscape	and	perhaps	provides	
additional	detail,	but,	in	the	mind	of	the	expert,	is	not	perceived	to	exist	independent	of	the	
geology.	For	the	non-expert,	anthropocentric	features	such	as	mining	structures	do	exist	
independently,	in	that	they	can	act	as	the	penetrative	medium	to	the	geological	subsurface,	
but	not	as	a	part	of	the	landscape	as	it	relates	to	the	subsurface.	This	is	relevant	because	in	
the	questionnaire	when	asked	the	question	‘The	type	of	rock	changes	the	way	that	the	
landscape	looks’	90%	of	participants	chose	the	agree	option,	which	is	the	expert	match,	
indicating	an	awareness	that	the	geology	has	a	direct	visual	impact	on	the	landscape.	
However,	when	asked	specific	questions	about	the	relationship	between	certain	geological	
surface	features	and	the	subsurface	geology,	they	represent	the	majority	of	participants	
who	selected	either	the	expert	mismatch	answer	or	indicated	that	they	didn’t	know/were	
uncertain	(Figure	7.10).	
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Figure	7.10	The	percentage	of	questionnaire	participants	that	gave	an	expert	match,	
mismatch	or	uncertain	answer.	
	
What	this	seems	to	indicate	is	that	although	participants	appear	to	have	an	appreciation	of	
the	connection	of	subsurface	geology	and	surface	landscape	in	the	same	way	as	the	experts,	
which	only	applies	in	the	broader	sense	to	give	general	landscape	descriptions.	Charles	
described	this	concept	in	his	interview,	when	talking	about	the	different	types	of	geology	
found	around	the	country	(Quote	7.6).	
	
Quote	7.6	
It	was	just	chalk...	similar	on	the	east	coast,	around	Lincolnshire,	around	[Skegness]	
and	places	like	that.	I’ve	been	round	around	there	and	you	can	see,	the	land	is	so	
flat,	so	it’s	a	different	thing	to,	I	think,	the	further	north...	it’s	an	entirely	different	
structure,	it’s	more	hard	rock,	granite	rock.	-	Charles	
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When	other	aspects	of	this	issue	are	examined,	a	more	complicated	picture	emerges.	For	
instance	if	you	compare	the	mental	model	of	perceptions	of	the	geological	subsurface	with	
combined	expert	and	non-expert	conceptions	highlighted	for	the	degree	of	expert	match	
from	the	qualitative	data	(Figure	7.11)	and	the	quantitative	data	(Figure	7.12),	one	of	the	
features	that	is	obvious	(apart	from	the	reduced	number	of	mismatches	and	the	increased	
amount	of	uncertainty)	is	that	the	subsurface	region	of	the	model	shows	a	great	deal	more	
match	with	the	expert	perception	in	the	quantitative	study,	than	the	qualitative.	
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Figure	7.11	The	mental	model	of	perceptions	of	the	geological	subsurface	with	combined	expert	and	
non-expert	conceptions	highlighted	for	the	degree	of	expert	match	from	the	qualitative	data.	
	
	
Figure	7.12	The	mental	model	of	perceptions	of	the	geological	subsurface	with	combined	expert	and	
non-expert	conceptions	highlighted	for	the	degree	of	expert	match	from	the	quantitative	data.
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These	results	may	be	slightly	misleading,	however,	as	the	questions,	by	their	very	design,	
are	generalist	questions,	rarely	addressing	a	specific	local	geological	concept	or	idea.	In	
those	cases	where	a	specific	local	idea	is	addressed,	such	as	identifying	the	most	common	
rock	type,	or	asking	about	the	impact	of	mining	in	the	local	area	on	the	rock’s	stability,	
participants	commonly	chose	the	expert	mismatch	answer.	The	lack	of	expert	match	in	
these	questions	suggests	that	if	the	questionnaire	was	applied	specifically	in	one	region	and	
targeted	specific	local	features,	then	these	nodes	would	once	again	revert	to	being	expert	
mismatches	or	vague	and	uncertain	answers.	
	
What	was	interesting	is	the	strength	of	connection	between	the	way	that	the	experts	and	
non-experts	perceived	the	surface	section	of	the	model.	There	were	a	lot	of	similarities,	
which	were	substantiated	by	the	results	from	the	questionnaire.	Attitudes	to	landscape,	the	
place	of	heritage/history	and	culture/community	and	the	role	of	industry	(particularly	
mining)	were	very	similar	between	the	two	groups	and	this	is	a	very	important	finding	when	
considering	the	implications	of	the	study	in	its	use	for	communicating	geoscience.	
	
Another	thought	provoking	result	was	that	the	location	of	the	participants	was	not	
highlighted	as	being	as	significant	in	the	questionnaire	results	whereas	the	length	of	time	an	
individual	was	resident	in	the	Westcountry	was,	with	the	greater	the	length	of	residency	the	
more	likely	the	non-expert	participant	was	to	give	an	expert	match	answer.	This	suggests	
connections	with	concepts	of	ancestry	expressed	in	the	interviews	(Chapter	5.2.2),	that	
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there	is	a	factor	of	lived	experience	in	these	villages	that	brings	the	non-expert	and	expert	
perceptions	closer	together.	This	may	represent	a	broader	cultural	awareness	of	geology	for	
residents	of	the	Westcountry	as	a	whole,	but	this	would	need	to	be	investigated	further	
before	any	conclusions	could	be	drawn.	It	is	also	interesting	that	this	significance	does	not	
generally	extend	to	age	(apart	from	in	a	few	limited	circumstances),	suggesting	that	there	
may	be	another	undiscovered	factor	that	draws	the	expert	and	non-experts	closer	in	this	
case.	
	
In	circumstances	when	the	location	of	participants	did	come	out	as	significant,	it	was	in	
areas	which	highlighted	the	immediacy	or	critical	nature	of	certain	issues,	particularly	the	
new	mining	at	Drakelands	and	its	impact	on	the	community.	Location	was	also	extremely	
significant	when	participants	chose	their	responses	for	the	2D	geological	subsurface	diagram	
question.	The	choice	of	2D	subsurface	diagram	highlighted	the	likelihood	of	participants	
from	Carharrack	selecting	a	locally	specific	‘anthropocentric’	choice,	in	addition	to	a	
geologically	accurate	choice,	than	the	more	common	single	choices	of	the	participants	from	
Hemerdon	and	Sparkwell	and	Chulmleigh.	The	reason	that	this	is	important	in	the	context	of	
the	gap	between	the	expert	and	the	non-expert	is	that	location	is	far	less	relevant	to	the	
experts	in	terms	of	being	able	to	answer	detailed	questions	on	subsurface	geology;	their	
interpretive	skills	are	transferrable.	Therefore,	the	expert	may	not	realise	that	the	non-
expert	has	specific	regional	differences	in	the	way	that	data	is	conceptualised,	particularly	
when	there	is	the	influence	of	a	critical	action	(such	as	the	new	Drakelands	mine)	or	a	
particularly	valued	cultural	artefact	(such	as	the	influence	of	mining	heritage)	present	in	the	
local	population.	
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Finally,	the	presence,	or	perhaps	absence,	of	uncertain,	‘I	don’t	know’	or	neutral	data	is	also	
a	part	of	the	gap	in	knowledge	between	the	expert	and	the	non-expert.	Although	not	
quantifiable	in	the	same	way	as	the	positive	and	negative	responses,	the	influence	of	the	
absent	data	looms	large	over	this	study.	Very	frequently,	in	the	interviews	participants	
stated	their	own	ignorance,	or	were	unable	to	answer	the	question	for	whatever	reason.	
Frequently	in	interview	this	inability	to	answer	the	question	was	diverted	by	providing	an	
alternate	(irrelevant)	answer,	such	as	was	demonstrated	by	Christian	(Quote	7.7).	
	
Quote	7.7	
Interviewer:	Ok,	can	you	tell	me	anything	about	how	you	think	the	geology	of	this	
area	relates	to	the	rest	of	the	UK?			
Christian:	I	think	it’s	quite	unique,	‘cos	there's	an	awful	lot	of	things	packed	into	a	
small	area,	so	you've	obviously	got	the	forest,	Exeter	forest	is	quite	nearby,	and	then	
you've	got	farmland,	valleys,		moors	and	the	coastline	and	its	all	packed	in	within	a	
20	mile	radius...	
Interviewer:	And	you	think	that's	quite	different	to	the	geology	of	the	rest	of	the	UK?	
Christian:	I	think	so,	this,	it	used	to	be	a	forest	all	over,	and	it’s	just	mainly	gone	to	
farmland...	
Interviewer:	And	how	do	you	think	that	relates	to	the	geology	of	the	area?	
Christian:	It’s	very	good	farming	land	and	that's	got	to	do	with	like	how	the	trees	
have	died	and	been	removed	things	like	that...	
	
This	was	also	represented	in	the	interview	with	a	large	proportion	of	respondents	choosing,	
a	neutral	or	I	don’t	know	alternative,	or	just	leaving	the	question	unanswered.	Of	course	
there	are	alternative	reasons	for	non-completion	of	a	question	(Sahlqvist	et	al.,	2011),	but	
given	the	notes	that	some	participants	added	to	their	non-response	and	neutral	answers	it	
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is	reasonable	to	assume	that	a	fair	proportion	of	absent	or	uncertain	responses	represent	a	
true	lack	of	confidence	in	answering	the	question.	This	is	also	corroborated	by	the	response	
to	the	confidence	questions	asked	at	the	beginning	of	the	questionnaire,	where	the	majority	
of	participants	(43%)	stated	that	they	did	not	feel	confident	that	they	knew	about	geological	
issues	in	their	area,	despite	feeling	confident	about	being	able	to	discuss	geological	issues	
and	being	able	to	find	information	about	geology	(Figure	7.13).	
	
Figure	7.13	The	amount	of	confidence	stated	by	participants	in	knowing	about,	discussing	or	
finding	information	about	geological	issues	in	their	area,	by	percentage	of	responses.	This	
figure	shows	that	participant	confidence	is	highest	when	it	comes	to	being	able	to	find	out	
new	information	about	geological	issues	in	the	area,	but	lowest	about	general	geological	
knowledge	of	issues.	
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This	is	important	because	an	individual	may	demonstrate	a	high	level	of	confidence	in	
discussion,	but	that	discussion	may	hide	very	strong	uncertainties	and	a	lack	of	confidence	
in	the	value	of	their	own	local	knowledge.	This	could	make	it	very	difficult	for	a	geoscience	
professional	to	accurately	assess	the	level	of	understanding	an	individual	may	have,	without	
first	building	the	trust	necessary,	either	individually	or	in	an	appropriate	situation,	for	that	
person	to	acknowledge	their	uncertainties.	
	
7.6	The	regional	significance	of	the	Westcountry		
Given	the	location	of	the	study	it	is	impossible	to	look	at	the	data	without	acknowledging	
the	strong	regional	influence	that	the	Westcountry	has	on	the	response	by	participants.	This	
is	most	obvious	when	talking	with	the	participants	about	granite.	Granite	is	considered	by	
the	majority	of	participants	(54%)	to	be	the	most	common	rock	in	the	Westcountry,	which	is	
not	correct,	but	participants	were	very	confident	about	the	properties	of	granite,	which	they	
answered	correctly	(Figure	7.14).		
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Figure	7.14	Reponses	to	the	statements	‘The	most	common	rock	in	Devon	and	Cornwall	is	
granite’	and	‘Granite	is	a	very	soft	rock	that	breaks	easily’,	by	percentage	of	responses,	
showing	that	familiarity	of	granite	and	its	properties	is	echoed	by	an	overestimation	of	its	
commonality	in	the	region.	
The	cultural	value	and	significance	of	granite	was	repeated	many	times,	in	all	three	villages	
during	the	interviews,	connected	with	a	sense	of	home,	a	sense	of	regional	identity,	a	sense	
of	stability	and	wildness,	with	resources	and	lost	prosperity.	In	fact	much	of	the	emotional	
relationship	with	geology	described	by	participants	in	the	interviews	came	from	discussions	
around	granite	(Quote	7.8).	
	
Quote	7.8	
Well,	when	you	live	here	…	I	think…	the	people	around	here	are	very	proud	of	their	
granite.	They	love	their	granite,	they	love	the	tors,	they	love...	walking	on	Dartmoor	
and	what	have	you.	So	they	understand…	I	think	it’s	very	much	an	identity	as	well.	
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Because	when	you	drive	into	different	parts,	we	always	say,	drive	about	and	you	
know	you’ve	come	home	when	you	see	the	granite.	–	Holly	
	
But	it	was	not	just	the	granite	that	resonated	strongly	with	the	participants	of	this	survey,	
but	also	the	pervasive	cultural	history	of	the	region.	As	was	mentioned	earlier,	the	last	
working	mine	in	Cornwall,	South	Crofty,	closed	in	1998.	After	its	closure	graffiti	was	added	
to	the	wall	surrounding	the	mine,	from	a	song	written	by	Roger	Bryant	(1994),	which	
encapsulates	the	way	that	many	Cornish	and	Devonshire	residents	feel	about	their	regional	
identity.	Displayed	in	Figure	7.15	the	graffiti	reads:	
	
“Cornish	lads	are	fishermen,	and	Cornish	lads	are	miners	too,	but	when	the	fish	and	tin	are	
gone	what	are	Cornish	boys	to	do?”	
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Figure	7.15	Graffiti	on	the	wall	surrounding	the	now	closed	South	Crofty	Mine	with	a	retired	
miner	standing	in	the	foreground	(Lord,	2011).	Permission	to	reproduce	this	image	has	been	
granted	by	Mark	Lord.	
	
What	is	salient	is	that	sentiment	was	echoed	almost	exactly	by	Keith,	amongst	others,	who	
said:	
	
Quote	7.9	
Look,	around	here	you're	either	a	miner,	a	fisherman	or	a	farmer,	and	a	lot	of	time	if	
you	were	a	fisherman,	you	were	also	a	farmer	or	a	miner	as	well,	because	bad	
weather,	you	can't	go	fishing,	you	still	need	to	get	a	wage	in,	you've	got	to	keep	your	
family	fed.	-	Keith	
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To	many	this	might	seem	like	an	outdated	notion,	especially	as	a	recent	survey	of	the	
Cornish	economy	demonstrated	that	the	main	sectors	of	employment	were	
‘accommodation	and	food	services’	which	employed	33,800	and	‘retail	services’	which	
employed	32,400;	both	of	which	could	reasonably	fall	under	the	banner	of	‘tourism’	
(Cornwall	County	Council,	2013).	In	contrast	‘agriculture,	forestry	and	fishing’	employed	only	
12,400	and	‘mining,	quarrying	and	utilities’	employed	only	2,700,	falling	right	at	the	base	of	
the	employment	rankings	for	the	county.	What	these	numbers	do	not	take	into	account,	
however,	are	the	strong	ancestral	relationships	that	people	have	with	mining	and	fishing	
and	the	mark	that	these	have	apparently	left	on	the	perceptions	of	those	people	who	are	
residents	in	the	region.	This	association	was	particularly	strong	in	those	people	who	had	
lived	in	the	region	all	their	lives,	but	even	recent	residents	displayed	a	propensity	towards	
embracing	the	cultural	heritage	of	the	region.	
	
This	value	in	the	cultural	landscape	has	gone	so	far	as	to	extend	to	include	the	often	
derelict,	frequently	dangerous	relict	mining	structures	in	the	recently	appointed	West	
Cornwall	World	Heritage	Site,	which	was	set	up	to	protect	and	preserve	the	unique	mining	
heritage	of	the	west	Cornwall	region	(Figure	7.16).	Despite	the	World	Heritage	site	being	
limited	to	west	Cornwall,	relict	mining	structures	that	resemble	those	found	within	the	
World	Heritage	site	are	equally	valued	at	all	locations	surveyed,	even	though	in	some	cases	
they	have	proved	to	be	exceedingly	dangerous	to	local	residents	(Quote	7.10).	
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Figure	7.16	The	West	Cornwall	World	Heritage	Site	sign	at	Gwennap	Pit,	just	outside	
Carharrack.	
	
Quote	7.10	
So	the	ground	was	always	opening	up.		The	vicar's	wife	went	out….	in	St	Day...	to	get	
some	vegetables	from	the	garden	and	there	was	a	shower	of	rain.		She	came	in,	
stood	in	the	porch	and	a	huge	shaft	--	like,	you	know,	a	main	shaft	–	[opened	up]	
straight	down	and	the	vicar's	gone!	-	Kara	
	
The	cultural	value	of	the	landscape	was	often	commented	on	in	association	with	the	
diagrams	produced	on	the	cubes	demonstrating	that	3D	spatial	reasoning	was	used	by	the	
participants,	but	only	in	a	geographical	way	as	opposed	to	geological	one.	This	can	be	seen	
in	Holly’s	diagram	in	Figure	7.17,	where	she	highlighted	some	of	the	key	industrial	features,	
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both	historical	and	present,	in	the	landscape,	but	did	not	extrapolate	those	relationships	
into	the	subsurface.	
	
	
Figure	7.17	Holly’s	use	of	surface	identification	of	cultural	heritage	structures	in	the	
landscape	around	Hemerdon	and	Sparkwell	links	to	ideas	around	the	separation	of	surface	
and	subsurface	by	non-expert	participants.	
	
7.7	Mental	models	for	geoscience	communication	
The	findings	of	this	programme	of	work	offer	many	implications	for	geoscience	
communication.	When	compared	to	standard	models	of	geoscience	literacy,	it	is	possible	to	
see	why	those	deficit	based	approaches	to	communicating	geoscience	are	not	as	effective	
or	successful	as	many	would	wish.	This	is	because	the	geoscience	literacy	approach	relies	
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almost	exclusively	on	the	transmission	of	factual	data	(LaDue	and	Clark,	2012).		Whilst	it	is	
clear	that	factual	data	has	its	place	in	increasing	the	efficacy	of	geoscience	communications,	
particularly	to	those	wishing	to	transition	between	novice	and	expert	geoscientists,	there	
are	many	other	abilities	inherent	to	practising	and	interpreting	geology	(Petcovic	and	
Libarkin,	2007).	Key	amongst	these	is	a	spatial	relationship	with	the	data,	not	only	in	terms	
of	spatial	reasoning	(Manduca	and	Kastens,	2012),	but	also	in	terms	of	locating	geological	
data	within	the	landscape.		
	
What	this	study	shows	is	that	many	non-experts	appear	to	have	a	basic	framework	for	
conceptualising	geological	ideas	about	the	subsurface,	which,	despite	the	inclusion	of	many	
misconceptions,	would	be	broadly	familiar	to	a	geoscientist	and	a	reasonable	place	to	
commence	a	communication.	However,	that	broadly	geoscience-centric	approach	appears	
superseded	by	anthropocentric	data	when	the	geoscience	concepts	are	moved	into	a	more	
specifically	local	context.	This	shift	of	conceptual	framework	between	broadly	geoscience-
centric	and	locally	anthropocentric	is	very	useful	for	geoscience	communicators,	as	it	
highlights	a	significant	gap	between	the	perceptual	approaches	of	the	non-experts	and	the	
experts,	and	the	ability	to	apply	broad	scientific	information	to	a	specific	local	holistic	
landscape	context.	In	a	geoscience	literacy	context	this	highlights	the	limited	use	of	a	
framework	of	‘Big	Ideas’,	as	was	discussed	in	the	Earth	Sciences	Literacy	Initiative	(Earth	
Science	Literacy	Initiative,	2009),	in	communicating	with	a	non-expert	group,	as	the	ability	
to	transfer	that	data	from	broad	scientific	knowledge	to	locally	specific	and	relevant	
information	is	missing.		Geoscience	communicators	need	to	draw	on	the	specific,	relatable,	
anthropocentric,	landscapes	of	the	target	population	to	make	connections	between	larger	
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geological	ideas,	and	the	specifics	of	local	communication.	What	this	case	study	identifies	is	
that	the	boundary	between	the	surface	and	subsurface	is	much	more	impenetrable	for	the	
non-expert	that	the	expert.		
	
There	are,	however,	many	suggestions	from	this	study	as	to	how	the	non-expert	can	engage	
with	the	expert	in	overcoming	this	boundary.	The	importance	of	culture	and	heritage	in	a	
community	is	not	to	be	overlooked,	but	the	focus	that	individuals	achieve	when	in	a	critical	
situation	can	limit	the	flexibility	of	some	individual’s	mental	models.	In	Hemerdon	and	
Sparkwell,	for	instance	people	were	far	less	likely	to	modify	their	mental	models	during	
discussion	than	in	the	other	two	locations	(see	Chapter	5.3.6),	perhaps	because	they	were	in	
a	position	where	they	had	been	required	to	form	an	opinion	on	a	critical	local	issue.	Whilst	
this	meant	that	many	models	were	more	closely	aligned	with	the	expert	in	terms	of	specific	
data	and	they	were	more	likely	to	choose	the	correct	subsurface	model	for	their	region,	it	
also	meant	that	those	individuals	whose	models	did	not	align	with	the	experts	were	less	
likely	to	accept	new	concepts	into	their	mental	model	(Morgan	et	al.,	2002).	The	use	of	
descriptive	and	experiential	language	is	important	and	should	be	utilised	as	much	as	
possible	when	discussing	geoscience	concepts	between	these	groups,	as	it	was	clear	from	
the	expert	interviews	that	even	when	the	expert	was	using	non-technical	language,	the	
influence	of	3D	spatial	reasoning	was	informing	their	discussions	so	they	would	be	less	able	
to	connect	with	a	non-expert	with	whom	they	were	speaking	(Dressen-Hammouda,	2008).	
By	engaging	with	descriptive	and	experiential	language	as	well,	the	expert	may	be	able	to	
overcome	the	inherent	disconnect	that	they	will	experience	when	speaking	to	a	non-expert	
who	is	not	comfortable	using	3D	spatial	reasoning	in	a	geological	context.	
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This	study	also	questioned	an	additional	feature	identified	in	the	science	communication	
literature,	specifically	in	connection	with	the	use	of	science	literacy:	the	issue	of	confidence	
(Earth	Science	Literacy	Initiative,	2009).	Whilst	participants	stated	they	were	very	confident	
in	discussing	geoscience	issues	and	finding	geoscience	information	and	less	confident	that	
they	knew	about	what	issues	were	happening	in	their	region,	the	data	from	the	interviews	
suggests	that	the	majority	of	participants	would	instinctively	access	the	internet	to	
supplement	their	knowledge	of	geology	in	their	local	region,	a	finding	that	is	supported	by	
current	research	into	how	the	public	access	science	information	for	a	specific	purpose	
(Stewart	and	Nield,	2013b).	What	is	interesting	here	is	that	the	confidence	level	stated	by	
participants	in	discussing	geology	is	not	in	alignment	with	their	confidence	in	knowing	about	
geological	issues,	suggesting	that	the	participants	do	not	value	factual	knowledge	about	this	
subject	as	highly	as	they	value	the	experiential	and	social	ability	to	construct	their	mental	
models	with	friends,	family	and	neighbours.	This	may	mean	that	being	provided	with	data	
before	it	is	requested	is	something	that	is	seen	as	unnecessary	and	therefore	might	be	
rejected.	The	change	became	apparent	at	the	end	of	the	interviews	and	surveys,	when,	
despite	being	confident	at	the	start,	a	great	number	of	participants	concluded	their	
interaction	by	stating	their	perception	of	their	own	ignorance	and	a	desire	to	find	out	more.	
This	indicates	that	a	deficit	approach	to	geological	knowledge	sharing	might	be	
fundamentally	inappropriate	for	discussions	about	non-critical	geology,	but	a	contextual	or	
dialogue	based	approach	grounded	in	the	science	and	society	paradigm	could	reap	greater	
alignment	of	both	expert	and	non-expert	mental	models	in	a	more	effortless	way	(Bubela	et	
al.,	2009).	
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7.8	Summary		
This	chapter	discussed	the	wide	ranging	findings	of	the	research	based	in	the	three	survey	
areas	of	Carharrack,	Cornwall;	and	Hemerdon	and	Sparkwell,	and	Chulmleigh	in	Devon.	The	
ability	of	the	experts	to	connect	the	surface	to	the	subsurface	using	landscape	cues	and	3D	
spatial	reasoning	was	contrasted	with	the	non-experts	use	of	either	broad,	geological	
geoscience-centric	approach	or	a	local	anthropocentric	approach	to	penetrating	through	the	
visible	surface	boundary	to	the	geological	subsurface.	The	conceptual	gap	between	the	
expert	and	non-expert	perceptions	of	the	geological	subsurface	was	discussed,	in	the	fact	
that	non-expert	participants	had	limited	conceptual	models	of	the	geological	subsurface	
that	do	not	match	the	experts,	particularly	when	examined	in	a	specific	regional	context.	
The	importance	of	the	cultural	legacy	of	the	Westcountry	was	discussed	in	the	context	of	
the	public	connection	with	geology	in	this	region	and	the	possible	implications	that	this	
study	could	have	for	geoscience	communication.	The	merit	of	the	mental	models	approach	
in	terms	of	connecting	researchers	with	the	genuine	and	often	unexpected	perceptions	of	
the	non-expert	public,	which	also	places	the	expert	and	non-expert	in	a	balanced	position	of	
importance,	was	also	discussed.		
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Chapter	8	Conclusions	
	
8.1	Introduction	
The	final	chapter	of	this	thesis	covers	the	scope	of	the	work	conducted	in	this	research	
project,	what	has	been	achieved	and	a	broad	look	at	the	research	findings.	The	implications	
of	this	study	for	geoscience	communication	are	to	be	discussed	as	well	the	limitations	of	the	
research.	Finally	future	directions	for	study	are	considered	as	this	research	project	has	
opened	many	doors	for	the	continued	research	of	the	subject	of	geoscience	cognition	and	
its	role	in	communicating	geology.	
	
8.2	A	reflection	on	the	project	aims		
The	questions	‘how	do	the	differences	between	the	way	that	experts	and	non-experts	
conceptualise	the	geological	subsurface	and	impact	on	how	geologists	communicate	with	
the	public’	is	a	vital	one	in	this	era	of	increased	technological	development	in	geoscience	
exploration	and	issues	of	energy	futures	both	in	the	UK	and	abroad.	This	research	has	
addressed	these	questions	by	designing	a	study	based	on	the	mental	models	approach	to	
risk,	after	Morgan	et	al.	(2002)	to	examine	the	perceptions	and	attitudes	of	residents	in	
three	villages	in	the	South	West	of	England	in	regards	to	the	geological	subsurface.	In	order	
to	capture	the	widest	range	of	perceptions,	villages	with	three	different	experiences	of	
geology	were	chosen,	one	with	a	critical	geological	project,	one	with	an	extensive	culture	of	
geology	and	the	third	with	no	obvious	connection	to	geology.	In	order	to	approach	the	
research	into	how	the	public	perceive	the	geological	subsurface,	this	topic	was	examined	
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through	the	interdisciplinary	lens	of	science	communication	and	geoscience	cognition,	and	
four	aims	were	devised.	A	revision	of	these	aims	and	how	the	thesis	addressed	those	is	
displayed	below:	
1. What	are	the	perceptions	of	geoscience	in	the	three	villages	under	study	(and	
how	is	that	visualised	both	at	a	conceptual	and	local	level)?	
This	was	explored	by	building	individual	mental	models	for	each	of	the	villages	
under	study	and	by	integrating	these	with	the	results	from	a	3D	participatory	
mapping	method	involving	the	cube	models	as	described	in	Chapter	5.	The	
perceptions	of	geoscience	in	these	villages	was	found	to	be	diverse,	including	
concepts	of	culture	and	community,	landscape,	industry	and	heritage,	water	and	
the	properties	of	the	rocks.	These	perceptions	fell	on	a	spectrum	between	
detailed	and	strongly	held	models	and	vague	or	non-existent	models	
representing	the	participants	uncertainty.	
2. How	does	geoscience	perception	relate	to	perceptions	of	‘the	subsurface’	in	
particular?	
This	was	explored	by	modelling	the	results	of	the	participant	interviews	around	
the	interaction	between	the	surface	and	subsurface.	It	was	found	that	the	
interaction	between	the	surface	and	subsurface	could	be	categorised	around	
interactions	that	penetrated	the	subsurface,	namely	using	anthropocentric	(i.e.	
using	human	interaction	or	experience)	or	geoscience-centric	(i.e.	using	a	
geologically	familiar,	but	not	necessarily	accurate)	approach.	
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3. How	does	this	geoscience	perception	relate	to	levels	of	knowledge	and	
confidence	in	comparison	to	the	expert	perceptions	of	the	same	topics	(in	other	
words:	what	is	the	geoscience	literacy	of	the	non-expert	participants)?	
This	was	addressed	by	directly	comparing	the	results	from	the	non-expert	
models	with	expert	models.	What	was	found	was	that	a	distinct	difference	exists	
between	the	way	that	experts	and	non-experts	visualise	the	landscape	and	the	
geological	subsurface,	namely	that	experts	connect	the	two	to	create	locally	
relevant,	geologically	detailed	models;	whilst	non-experts	either	create	a	locally	
relevant	model	with	little	geological	detail,	or	a	more	geologically	relevant	model	
with	little	local	specificity.	However,	during	the	questionnaire	phase	of	the	
testing	it	was	found	that	generally	with	non-specific	data,	non-experts	have	a	
neutral	to	moderate	match	with	the	experts	conceptually,	indicating	a	fairly	good	
general	geoscientific	literacy.	
4. How	could	existing	levels	of	geoscience	perception	and	an	understanding	of	
geoscience	knowledge	be	used	to	improve	communications	between	experts	and	
non-experts?	
This	was	addressed	in	the	later	stages	of	the	analysis	by	considering	the	impact	
that	this	knowledge	could	have	on	framing	geoscientific	communications.	If	the	
aim	of	a	communication	is	based	in	the	subsurface,	this	research	suggests	that	
extra	work	must	be	done	by	the	experts	to	bridge	the	conceptual	gap	linking	the	
visible	surface	to	the	non-visible	subsurface.	This	can	be	done	by	framing	
communications	through	an	area	often	overlooked	by	the	expert	participants	–	
the	anthropocentric	human	interaction	with	the	subsurface.	
319	
	
	
In	summary,	as	a	result	of	the	study	into	the	public	(or	non-expert)	perceptions	of	and	
attitudes	to	the	geological	subsurface	several	discoveries	were	made	which	directly	relate	to	
these	aims.	Firstly	the	types	of	geological	perception	present	in	the	three	villages	under	
study	varied	between	individuals	and	the	level	of	education,	state	of	employment,	age	and	
gender	appeared	to	have	little	significance	for	the	way	that	geology	was	perceived.	The	
length	of	time	that	an	individual	had	been	resident	in	an	area	was	more	significant	than	the	
location	of	residence	in	terms	of	how	well	that	individual’s	perception	of	the	geological	
subsurface	aligned	with	that	of	an	expert,	which	was	unexpected.	The	general	knowledge	
that	the	participants	held	about	the	geological	subsurface	was,	mostly	good	–	where	it	
existed.	Only	a	few	misconceptions	appeared	during	the	course	of	this	study,	but	where	
they	existed	they	were	widely	held,	particularly	in	the	case	of	the	presence	and	importance	
of	underground	rivers,	the	structure	of	the	subsurface	(smaller	rocks	near	the	top	to	larger	
rocks	further	down)	and	that	granite	was	the	most	common	rock	in	the	Westcountry.		
	
When	it	came	to	the	subsurface,	participants	provided	data	that	divided	into	two	types:	
geoscience-centric	and	anthropocentric.	These	two	approaches	to	penetrating	through	the	
surface	layer	to	the	subsurface	differed	in	their	method	of	access	of	those	conceptual	
models.	The	geoscience-centric	participants	used	broad	general	data,	which	perhaps	had	
little	relationship	to	the	area	that	was	under	discussion	and	certainly	no	relationship	to	the	
surface.	The	anthropocentric	participants	used	a	very	direct	human	based	approach	to	
penetrating	the	subsurface,	using	mines	and	other	human	activity	to	descend	into	their	
conceptual	models	of	the	geological	subsurface.	These	models	had	a	great	deal	of	local	
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specificity,	but	often	had	very	little	geological	data	attached.	These	two	models	existed	in	
contrast	to	the	expert	model	(Figure	8.1),	which	combined	locally	specific	landscape	cues	
and	detailed	geological	information	together	to	produce	a	locally	relevant,	geologically	
detailed	model	of	the	geological	subsurface.	
	
	
Figure	8.1	The	contrasting	approaches	that	expert	and	non-expert	participants	use	to	
penetrate	the	geological	subsurface.	
	
Other	differences	between	the	experts	and	the	non-experts	in	terms	of	thinking	about	the	
geological	subsurface	existed	in:	the	use	of	3D	spatial	reasoning	(experts);	the	use	of	
descriptive	and	experiential	language	(non-experts);	the	value	of	technical	accuracy	
(experts);	and	the	value	of	culture	and	heritage	(non-experts).	What	this	shows	in	terms	of	
geoscience	literacy	is	that	although	the	non-experts	might	not	be	considered	to	have	a	fully	
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developed	knowledge	of	the	geological	areas	necessary	to	be	considered	geologically	
literate	(Wysession	et	al.,	2012;	Earth	Science	Literacy	Initiative,	2009);	where	those	
geological	facts	were	known	they	were	frequently	thought	of	in	the	same	way	as	the	experts	
did.	Where	those	facts	differed	was	in	the	specific	application	of	local	detail,	which	makes	
questions	of	factual	data	necessary	to	be	geoscience	literate	almost	irrelevant,	if	the	context	
of	communication	has	not	been	first	established.	This	data	showed	that	experts	and	non-
experts	in	this	region	fundamentally	approached	the	conceptualisation	of	the	interpretation	
of	landscape	and	geological	data	differently.	
	
What	this	means	for	geoscience	communication	is	that,	although	it	has	been	debated	in	
science	communication	research	for	the	last	30	years	(Weigold,	2001),	information	transfer	
is	not	enough	to	support	effective	dialogue	between	experts	and	non-experts.	In	order	to	
improve	geoscience	communication,	expert	geoscientists	need	to	consider	the	different	
cognitive	frameworks	of	the	non-experts	they	are	talking	with	and	frame	their	
communications	to	address	the	gaps	in	perception	between	themselves	and	their	audience.	
	
8.3	Methodological	value	of	the	case	studies	
The	mental	models	approach	is	frequently	used	in	issues	of	specific	risk	communication	to	
discover	conceptual	gaps	that	exist	between	the	experts	and	non-experts	in	respect	of	a	
particular	issue	(Vari	2004;	Skarlatidou	et	al.,	2012).	It	is	increasingly	being	found	to	have	
value	in	the	realm	of	science	education	(Hegarty	et	al.,	2012)	and	communication	(Gibson	et	
al.,	2016).	The	benefits	of	applying	this	type	of	study	outside	of	a	formal	risk	assessment	
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circumstance	are	that	instead	of	influence	diagrams,	representing	decisions	that	will	be	
made	in	a	critical	situation,	the	researcher	can	create	inference	diagrams	that	represent	
conceptual	locations	in	a	framework	that	is	still	flexible	and	represents	concepts	that	can	be	
changed	or	altered,	from	both	an	expert	and	non-expert	position.		
	
A	key	factor	of	this	study	was	the	use	of	mental	models	to	examine	residents	of	three	
specific	locations,	and	compare	and	contrast	the	detailed	results	from	the	semi-structured	
interviews,	with	the	more	structured	results	from	the	questionnaire	for	each	location.	As	
mental	models	studies	in	the	past	have	usually	focussed	on	just	one	location	(Panagiotaki	et	
al.,	2009;	Skarlatidou	et	al.,	2012;	Gartenberg	et	al.,	2013;	Kalantzis	et	al.,	2016),	this	
innovative	approach	allows	for	greater	detail	about	the	variabilities	in	that	exist	in	different	
regions.	What	became	apparent	during	the	course	of	this	research	was	the	importance	of	
specific	cultural	narratives	in	the	data,	something	that	would	not	have	been	highlighted	as	
clearly	without	the	regional	variability.	It	was	also	interesting	to	discover	the	circumstances	
where	regional	variation	was	less	important,	such	as	the	general	conceptions	of	
underground	rivers	and	the	properties	of	granite	expressed	by	the	participants.		
	
In	similar	studies	exploring	public	perceptions	of	Carbon	Capture	and	Storage	(CCS)	and	
radioactive	waste	disposal,	the	mental	models	approach	and	psychometric	modelling	have	
been	used	successfully	to	identify	public	requirements	for	communicating	controversial	
topics	more	effectively	(Singleton	et	al.,	2009;	Skarlatidou	et	al.,	2012).	However,	these	
studies,	focused	as	they	were	on	a	specific	single	issue,	were	only	able	to	provide	
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recommendations	for	improving	communication	around	their	specific	issues	such	as:	
suggestions	for	the	focus	of	traditional	communications	(web	based	or	paper	based)	and	
issues	of	technical	language.	The	value	of	a	broader	ranging	case	study	like	this	research	is	
that	it	can	suggest	that	a	fundamental	change	in	the	way	the	geoscience	experts	approach	
the	communication	of	their	subject	is	necessary	in	order	to	begin	to	close	the	gap	between	
the	experts	and	the	non	experts.	
	
The	final	benefit	of	a	study	gathering	data	from	multiple	locations	like	this	is	that	it	allows	
the	researcher	the	flexibility	to	follow	the	non-expert	participant	to	a	place,	which	might	
never	have	been	considered	by	the	experts	in	the	subject,	truly	placing	the	expert	and	the	
non-expert	in	an	equal	balance	of	knowledge.	The	value	of	the	local	knowledge	of	the	non-
expert	cannot	be	overestimated	in	this	case	and	the	mental	models	approach	allows	that	
knowledge	to	be	present	in	the	data	in	the	same	way	that	expert,	more	traditional	
knowledge.	Then	this	combined	framework	is	applied	more	broadly	to	the	non-expert	
population,	which	both	addresses	questions	of	applicability	and	reduces	the	chance	for	
researcher	imposed	bias.	
	
8.4	Limitations	of	the	study	
Due	to	the	broad	ranging	nature	of	this	study	into	the	public	perception	of	the	geological	
subsurface,	there	are	some	limitations	that	must	be	considered.	First	among	these	is	exactly	
that	broad	scope,	which	permitted	for	a	wide	range	of	perceptions	and	concepts	to	be	
captured,	but	did	not	permit	any	of	those	to	be	investigated	in	any	great	detail.	As	such	this	
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study	can	only	be	considered	as	the	first	stage	into	the	examination	of	how	the	public	
penetrate	the	surface	layer	into	the	subsurface,	as	it	is	impossible	at	this	time	to	say	how	
prevalent	the	use	of	the	anthropocentric	method	is	and	what	the	clear	details	and	
definitions	of	this	method	are,	as	that	would	require	a	much	more	focused	investigation.	
	
Connected	to	this	idea	of	the	limitation	of	the	broad	scope	of	the	study	were	the	constraints	
arising	from	sample	size	and	diversity.	As	discussed	in	Chapter	4	in	some	locations	it	was	
very	difficult	to	achieve	parity	in	the	participants	between	the	three	locations	and	in	the	
data	as	a	whole	there	was	a	majority	of	participants	who	identified	as	over	50	and	retired.	
This	may	mean	that	the	results	are	less	representative	of	a	broader	population.	Key	in	this	
limitation	were	the	respondents	to	the	questionnaire	study,	the	aim	of	which	was	to	apply	
the	findings	of	the	mental	models	to	a	broader	population.	Overall	there	was	a	
disappointing	rate	of	response	at	only	4.37%	of	the	total	households	targeted	by	the	mail-
out,	but	this	may	be	a	factor	of	increasingly	poor	returns	from	population	surveys	(Sahlqvist	
et	al.,	2011),	the	non-personalised	addressing	of	the	mail	which	could	lead	to	it	being	
perceived	as	junk	mail	(Scott	and	Edwards,	2006)	or	the	generalist	nature	of	the	
questionnaire,	which	is	not	focussing	on	any	particularly	critical	event.		
	
Connected	to	the	limitations	posed	by	the	scale	and	diversity	of	this	study	was	the	fact	that	
the	final	optional	communications	stage	of	the	mental	models	method	as	described	by	
Morgan	et	al.	(2002)	could	not	be	completed	due	to	restrictions	of	time	and	finances.	
Although	this	is	an	optional	final	stage,	the	production	of	a	form	of	communication	to	test	
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the	results	of	the	quantitative	data	collection	would	have	added	an	additional	layer	of	
validity	to	the	results.	Because	of	the	complexity	of	designing	such	a	communication	to	
accurately	reflect	the	results,	it	was	decided	to	leave	the	optional	final	stage	for	a	potential	
future	project.	
	
The	final	limitation	was	found	in	the	regionalism	of	the	study,	as	all	three	villages	are	
located	in	a	region	which	appears	to	have	a	strong	regional	identity	(Knight	and	Harrison,	
2013),	it	is	likely	that	that	identity	had	an	influence	on	the	results	of	this	study.	It	is	possible	
therefore	that	the	results	of	this	study	may	not	transfer	to	a	region	which	has	a	different	or	
weaker	connection	to	their	geology,	for	both	industry	and	heritage.	This	connection	with	
regional	connection	with	geology	is	especially	likely	when	considering	the	anthropocentric	
method;	if	there	is	limited	geological	activity	in	an	area,	it	is	questionable	as	to	whether	the	
anthropocentric	method	would	apply	at	all.	
	
8.5	Recommendations	and	Future	directions	for	study	
In	the	context	of	the	discoveries	made	in	this	study	in	relation	to	the	public	knowledge	of	
the	geological	subsurface	and	the	usefulness	of	geoscience	literacy	in	communicating	with	a	
non-expert	public,	several	recommendations	can	be	made:	
• Experts	need	to	utilise	non-expert	relationships	with	their	landscape	to	connect	
broader	geological	concepts	with	specific	local	areas.	
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• Cultural	connections	to	geological	heritage	and	community	need	to	be	included	in	
geoscience	communications	about	the	subsurface	in	order	to	increase	the	efficacy	of	
communications,	particularly	in	relationship	to	geological	industry.	
• Although	broadly	there	is	a	good	factual	match	between	expert	and	non-expert	
geoscience	literacy	in	the	Westcountry,	non-experts	need	to	be	guided	in	applying	
this	knowledge	in	specific	local	contexts.	
• There	is	a	much	closer	match	in	the	way	that	experts	and	non-experts	conceptualise	
the	surface	than	the	subsurface,	so	all	geoscience	communications	should	begin	in	
this	place	of	common	ground.	
• The	importance	of	uncertainty	or	lack	of	knowledge	should	not	be	overlooked;	
however,	even	those	participants	who	stated	a	low	level	of	knowledge	were	
confident	in	discussing	geoscience	topics	within	trusted	networks	and	felt	confident	
that	they	could	find	information	easily.	As	a	consequence	geoscience	communicators	
should	be	willing	to	engage	within	communities	early	and	to	have	a	lasting	and	
accessible	presence	in	order	to	encourage	dialogue.	
• The	mental	models	approach	can	be	applied	in	circumstances	where	risk	is	not	an	
issue	and	can	provide	a	more	detailed	review	of	the	conceptual	gaps	between	
experts	and	non-experts.	It	also	reduces	the	influence	of	bias	on	the	qualitative	
results,	by	applying	a	reflective	mixed	methods	approach	to	the	data.	
	
One	of	the	benefits	of	an	exploratory	study	of	this	kind	is	that	it	provides	many	fascinating	
opportunities	for	future	study.	In	particular	this	researcher	is	interested	how	well	the	results	
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of	this	study,	highlighting	the	value	in	considering	an	anthropocentric	approach	to	
penetrating	the	surface-subsurface	boundary,	translate	to	other	regions.	To	what	extent	
does	the	regional	history	of	Devon	and	Cornwall	impact	upon	its	residents’	perception	of	
geological	concepts	and	is	this	conceptualisation	shared	by	residents	of	other	geologically	
industrialised	regions?	How	would	the	data	from	this	study	compare	to	regions	which	have	
absolutely	no	regional	geological	associations,	such	as	inner	city	or	urbanised	areas?	
Therefore,	replicating	this	study	in	other	regions	which	have	a	different	environmental	or	
social	relationship	with	the	subsurface	is	necessary	to	discover	the	broader	applications	of	
the	study.	In	particular,	the	researcher	is	interested	in	examining	regions	where	the	
landscape	is	less	obviously	geologically	influenced,	such	as	in	the	south-east	of	England.	
	
It	is	also	important	to	consider	pursuing	this	study	in	detail,	for	instance	the	concept	of	
geoscience-centric	vs.	anthropocentric	methods	for	penetrating	the	surface	is	only	one	of	
many	schema	represented	in	this	study	and	would	benefit	from	being	the	focus	of	a	
separate	investigation.	To	what	extent	does	this	conceptualisation	hold	true?	Are	there	
certain	features,	landscape,	or	otherwise	which	are	more	closely	associated	with	this	
method.	What	is	the	impact	of	providing	data	beforehand,	as	is	the	common	approach	in	
many	mental	models	studies	(Morgan	et	al.,	2002;	Skarlatidou	et	al.,	2012;	Revell	and	
Stanton,	2014).	This	study	provides	a	broad	frame	for	the	mental	models	technique	to	focus	
only	on	the	methods	used	by	participants	to	penetrate	the	surface	layer,	as	well	as	
gathering	more	detail	on	the	diversity	of	approaches	used	by	participants,	as	the	researcher	
is	interested	to	see	if	this	process	is	as	binary	as	has	been	classified	with	the	current	data.	
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In	connection	to	this	are	the	questions	surrounding	the	non-experts	use	of	the	geoscience-
centric	method.	This	approach	to	penetratin	the	geological	subsurface	bears	closer	
examination,	particularly	as	many	of	the	same	techniques	were	used	by	residents	from	
different	regions,	such	as	the	use	of	smaller	to	larger	rocks,	a	uniformly	linear	layering	
pattern	and	the	prevalence	of	underground	rivers.	These	interestingly	common	concepts,	
that	have	a	great	deal	of	similarity	to	those	utilised	by	geoscience	experts	could	represent	
an	unexpected	barrier	to	communication	as	they	may	be	interpreted	by	geoscience	
communicators	to	wrongly	represent	expert	level	conceptualisations.	Further	study	of	the	
origin,	influence	and	development	of	the	non-expert	geoscience-centric	approaches	will	
help	to	clarify	any	interaction	that	geoscience	experts	have	with	non-experts.	What	is	clear	
at	the	end	of	this	research	is	that,	in	fact	it	is	not	an	end	at	all,	but	merely	the	first	step	in	
continuing	our	exploration	of	how	people	conceptualise	and	communicate	the	geological	
sciences.	
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Interview	transcripts	and	images	provided	on	request.	Please	email:	
hazel.gibson@plymouth.ac.uk	or	contact	the	School	of	Geography,	Earth	and	
Environmental	Science,	Plymouth	University.
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List	of	themes	with	rubric	for	analysis:	
	
Themes	 Combined	node	 Rubric	
3D	thinking	 	
Description	of	surfaces	in	3D	space,	often	
accompanied	by	gestures	(unrecorded),	or	
contextual	descriptions	of	objects,	surfaces	
or	features	in	space.	
agriculture	 	
Description	of	agricultural	practices,	
identity	of	being	a	farmer,	or	description	of	
farms.	Includes	forestry,	plant	life,	woods	
and	the	environment.	
aluminium	 minerals	 Mineral	identified.	
angled	deposits	 	 Description	of	deposits	at	an	angle	or	on	an	incline.	This	can	be	descriptive	or	visual.	
anthropocentric	 	
Description	of	human	activity	as	centre	of	
description.	Mentioned	first	or	with	
emphasis	within	the	statement.	Includes	
mentions	of	human	structures,	industry	and	
architecture.	
arsenic	 minerals	 Mineral	identified.	
artificial	vs.	natural	 	
Mentions	of	the	importance	or	
juxtaposition	of	artificial	vs.	natural	
landscapes.	
attractive	or	beauty	 	
Use	of	words	such	as	‘beautiful’,	
‘attractive’,	‘stunning’	or	descriptions	of	
appealing	views	or	landscapes.	
awe	and	wonder	 	 Use	of	words	like’	fascination’	or	‘interest’	describing	geological	or	landscape	features.	
basalt	 rock	types	 Rock	type	identified.	
calcite	 minerals	 Mineral	identified.	
chalcopyrite	 minerals	 Mineral	identified.	
chalk	 rock	types	 Rock	type	identified.	
chert	or	flint	 rock	types	 Rock	type	identified.	
china	clay	 industry	 China	clay	identified.	
clay	 rock	types	 Rock	type	identified.	
coal	 energy	 Coal	identified.	
coast	 	
Description	of	coastal	features,	activities	
that	take	place	near	to	the	coast,	use	of	
words	such	as	‘seaside’,	‘beach’	or	‘ocean’.	
363	
	
community	 Paired	with	culture	
Mentions	of	any	aspect	of	self-identified	
community.	This	includes	any	of	several	
types	of	community	which	exist	within	the	
residential	area	of	the	survey.	Includes	
descriptions	of	family,	employment	or	
cultural	activities.		
conglomerate	 rock	types	 Rock	type	identified.	
copper	 minerals	 Mineral	identified.	
culm	 local	term	 Local	term	describing	specific	rock	type	of	metamorphosised	slates	and	sandstones.	
culture	 Paired	with	community	
Mentions	of	any	aspect	of	culture.	Includes	
any	descriptions	of	local,	regional	or	
national	culture	and	expressions	of	cultural	
identity	within	different	community	groups.	
dangerous	 	
Descriptions	of	fear	and	worry	or	specific	
mentions	of	dangerous	activities,	whether	
specific	and	local	or	abstract.	Includes	
description	of	some	industry	as	dangerous.	
deep	earth	 	
Any	descriptions	of	geology	below	the	top	
5km	or	perceived	near	surface	layer.	
Particularly	includes	descriptions	of	the	
core,	the	mantle	and	other	deep	Earth	
geological	structures.	Includes	mentions	of	
plate	tectonics	where	those	mentions	
identify	a	disconnect	with	the	surface.	
detail	 	
Any	detail	provided	by	participant	that	goes	
beyond	an	initial	description	of	a	feature,	
surface,	environment	or	object.	Particularly	
when	individual	is	describing	a	geological	
feature	using	more	technical	language.	
diamond	 minerals	 Mineral	identified.	
dolerite	 rock	types	 Rock	type	identified.	
earthquake	 natural	hazards	 Earthquake	mentioned	or	description	of	rock	shaking.	
economy	 	
Any	mention	of	financial	transactions	
relating	to	the	local	area	or	geology,	
includes	mentions	of	industry	funding,	
government	monies,	community	monies	
and	social	funding.	
elvan	 local	term	 Local	term	to	describe	quartz-porphyry,	which	can	appear	visually	similar	to	granite.	
emplacement	of	rock	 formation	of	minerals	
Descriptions	of	how	rocks	or	minerals	
formed	or	were	altered.	Particularly	relating	
to	descriptions	of	mineral	emplacement	
related	to	mining.	
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employment	 	 Any	mention	of	employment,	paid	or	unpaid,	at	any	stage	in	the	person’s	life.	
energy	 	 Any	description	of	energy	resources.	
engine	houses	 	
Mention	of	the	engine	houses,	relict	engine	
house	structures	or	mention	of	specific	
‘Wheal’s,	which	were	the	old	mining	sites	
connected	to	the	structures.	
engineering	 	 Any	description	of	engineering,	construction	or	building.	
erosion	 	 Description	of	erosion	and	soil	loss.	
expert	view	 	
Any	expression	of	a	difference	of	opinion	
because	of	expert	training	and	experience	
either	real	or	perceived.	
faults	and	fracturing	 	
Descriptions	of	faults	and	fracturing,	
including	words	such	as	‘broken’,	‘cracked’	
and	‘fractured’.	
fear	 negative	emotion	 See	negative	emotion.	
feldspar	 minerals	 Mineral	identified.	
flooding	 	 Description	of	flooding	either	specific	and	local	or	abstract.	
fluorite	 minerals	 Mineral	identified.	
folding	 	
Descriptions	of	folding	features	in	the	rocks,	
including	words	such	as	‘crumpled’,	‘bent’	
and	‘folded’.	
fossil	 	 Descriptions	of	fossils.	
fracking	 energy	 Descriptions	of	fracking,	specific	mentions	of	fracking	as	an	industry.	
geography	 	
Descriptions	of	geographical	concepts	
including	distances.	Also	used	to	classify	3D	
thinking	that	does	not	occur	in	the	
geological	realm.	
geological	age	 	
Mentions	of	specific	geological	ages	such	as	
‘Devonian’,	‘Cambrian’	etc.	Also	includes	
implied	geological	time	in	the	form	of	
‘millions	and	millions	of	years’.	
geomorphology	 erosion	
Mentions	of	geomorphological	processes,	
surface	changes,	such	as	river	processes.	
Also	includes	explicit	references	to	
erosional	processes.	
geothermal	 energy	 Mentions	of	geothermal	power.	
gold	 minerals	 Mineral	identified.	
granite	 rock	types	 Rock	type	identified.	
gypsum	 minerals	 Mineral	identified.	
health	 	
Mentions	of	issues	connected	to	health,	
such	as	illness,	wellness	and	concerns	
around	infection	from	geological	agents.	
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heritage	 	
Descriptions	of	locations	described	after	the	
heritage	question,	places	associated	with	
locations	such	as	the	Giant’s	Causeway,	also	
National	Trust	properties,	museums	and	
national	parks	and	mentions	of	the	UNESCO	
World	Heritage	sites.	
human	benefit	 	
Any	description	of	humans	profiting	from	
landscape,	environment	or	geology.	Often	
places	human	activity	at	the	centre	of	the	
reasoning	for	that	activity.	
identity	 	
Descriptions	of	persons	relating	ideas	to	
their	own	identity.	Included	use	of	words	
such	as	‘I	am’,	‘I	feel’,	‘my	history’	and	
‘being	Cornish’.	
industry	 	
Any	mention	of	any	type	of	geological	
industry,	includes	‘mining’,	‘quarrying’,	
‘tunnelling’	and	any	other	type	of	extractive	
industry.	
information	 	
Mention	of	T.V.	programmes,	information	
boards,	newspapers	and	media.	All	
mentions	of	factual	information.	
interpretation	 	
Mentions	of	a	person	interpreting	the	
landscape,	environment	or	geology.	
Includes	use	of	phrases	like	‘so	that	means’	
and	‘I	think	it’s	because’.	
iron	 minerals	 Mineral	identified.	
killas	 local	term	
Local	term	to	describe	the	mix	of	shales	and	
sandstones	that	have	been	intensely	folded	
in	North	Devon.	
landscape	 	
Description	of	landscape	in	terms	of	visible	
surface	structures,	views	or	explicit	
mentions	of	landscape.	Includes	mentions	
of	specific	features	such	as	‘hill’,	‘tor’,	
‘valley’	etc.	
landslide	 natural	hazards	 Any	mention	or	description	of	landslides,	either	specific	and	local	or	abstract.	
layers	 	
Description	of	rock	being	in	layers	or	lines,	
can	be	folded	or	flat,	describe	individual	
rock	layers	or	layers	of	rock	which	represent	
a	hole	unit,	type	or	age	of	rock.	
limestone	 rock	types	 Rock	type	identified.	
local	knowledge	 	
Any	expression	of	knowledge	quantified	as	
local,	from	experience	or	regionally	specific.	
Use	of	phrases	like	‘everyone	here	knows’	
and	‘what	you	find	round	here’.	
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local	term	 	
Word	that	is	regionally	specific,	part	of	a	
local	dialect,	for	example	‘elvan’,	‘killas’	or	
‘schillet’.	
magnetite	 minerals	 Mineral	identified.	
mica	 minerals	 Mineral	identified.	
minerals	 	
Any	description	of	a	mineral,	either	in	the	
rock	or	on	its	own.	Quantified	further	by	
type.	
mining	 	
Descriptions	of	mining,	including	mining	
history,	mining	heritage,	the	act	of	mining,	
ancestral	relationships,	education,	personal	
experience	and	mining	structures.	
mudstone	 rock	types	 Rock	type	identified.	
natural	hazards	 	 Any	description	of	a	natural	hazard	such	as	earthquake,	volcano	or	landslide.	
natural	movement	 	
Description	of	the	movement	of	the	earth	
without	human	influence,	includes	natural	
movement	at	small	scale,	such	as	landslides	
or	rockfalls,	rock	being	pushed	around	by	
other	rock,	such	as	the	intrusion	of	the	
granite	bodies,	or	large	scale	planet	wide	
changes	such	as	descriptions	of	plate	
tectonics.	
negative	emotion	 	
Expressions	of	dislike,	anger,	fear,	anxiety,	
worry,	concerns	about	safety	and	overtly	
negative	language.	
observed	 	
Personal	observation	of	a	phenomena	or	
structure.	Use	of	words	like	‘saw,	‘felt’	and	
‘heard’.	
oil	and	gas	 energy	 Description	or	mention	of	oil	and	gas,	either	geologically	or	in	terms	of	energy	supplies.	
ore	(various	or	
undefined)	 minerals	 Mineral	identified.	
peat	 	
Type	of	soil	that	is	biologically	rich	and	
suitable	for	burning	as	an	energy	supply.	
Specifically	named.	
personal	connection	 	
Something	done	by	parent,	relative	or	
friend	that	provides	an	immediate	
connection	to	geology.	Activity	done	by	
interviewee,	such	as	‘I	took	my	kids	to	the	
Jurassic	Coast	to	go	fossil	hunting’.	
pollution	 waste	ground	
Description	of	pollution	or	waste,	either	
visually	or	in	terms	of	human	waste,	also	
includes	marine	pollution	and	water	
pollution	on	land	–	often	small	scale	human	
caused	negative	impact.	
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pride	 positive	emotion	 Positive	emotions	frequently	described	with	enthusiasm.	
pyrite	 minerals	 Mineral	identified.	
quarrying	 industry	 Open	cast	extraction	of	materials,	described	either	explicitly	or	in	abstract.	
quartz	 minerals	 Mineral	identified.	
radon	 	 Mention	of	radon,	a	radioactive	gas	found	in	regions	with	large	granite	deposits.	
recycling	 	
Descriptions	of	recycling	in	terms	of	
personal	activity	(e.g.	small	scale	recycling	
of	household	objects	and	rubbish).	
resources	 industry	
Any	description	of	geological	resources,	
either	energy,	mineral.	Aggregate,	
construction	or	other.	Frequently	paired	
with	industry	and	additionally	specified.	
responsibility	 	
Descriptions	of	responsibility	of	individuals	
and	companies	for	altering	or	improving	the	
landscape	either	before,	during	or	after	
geological	activity.	Also	relates	to	
descriptions	of	personal	responsibility	to	
geological	landscape	such	as	protecting	
geological	features.	
rock	structure	 	
Descriptions	of	rock	stability	and	shapes	
such	as	caves,	tunnels	and	holes.	Also	
mention	of	broken	rocks,	size	of	stones	
(small	to	large)	and	pebbles	in	rocks.	
rock	types	 	 Specific	mention	of	rocks	or	a	specific	rock	type.	
sandstone	 rock	types	 Rock	type	identified.	
scale	 	
Descriptions	of	size	and	scale,	
measurements	and	dimensions.	Can	be	
scientific	or	heuristic	descriptions	of	scale.	
schillet	 local	term	 Local	term	to	describe	poor	quality	slate	and	shale	rocks.	
sensory	experience	or	
feeling	 peripheral	senses	
Descriptions	include	visual	experiences,	
such	as	the	impact	of	colour	or	a	specific	
mention	of	colour.	Includes	tactile	feelings	
of	hardness,	or	hard	vs	soft	or	scents	and	
sounds.	
serpentine	 rock	types	 Rock	type	identified.	
shale	 rock	types	 Rock	type	identified.	
silica	 minerals	 Mineral	identified.	
silver	 minerals	 Mineral	identified.	
slate	 rock	types	 Rock	type	identified.	
soil	 	 Includes	mentions	of	mud,	sand,	grit	and	gravel.	
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soil-rock	boundary	 	
Mentions	of	any	interactions	of	soil	and	the	
rock,	frequently	mentioned	in	association	
with	gardening	‘dug	through	the	soil	and	hit	
the	rock’.	
surface-subsurface	
relationship	 	
Examples	of	surface	relating	to	the	
subsurface,	for	example	mention	of	
landscape	feature	followed	by	an	aspect	of	
the	subsurface.	
technical	term	 	
Any	term	that	requires	additional	
clarification	by	the	interviewer	or	a	non-
expert.	
temperature	 	 A	description	of	heat	or	the	impact	of	heat,	for	example	‘molten’.	
tin	 minerals	 Mineral	identified.	
tourism	 	
Description	of	industry	or	activities	relating	
to	visitors	coming	to	the	southwest	or	
residents	travelling	for	pleasure.	
tourmaline	 minerals	 Mineral	identified.	
tungsten	 minerals	 Mineral	identified.	
tunnels	 industry	
Mention	of	tunnels	including	caves,	
underground	rivers	and	underground	
streams.	
uncertainty	(	
statistical	or	personal)	 	
Mentions	of	personal	uncertainty,	either	in	
data	(statistical	uncertainty)	or	in	own	
knowledge	(personal	uncertainty).	Often	
features	the	use	of	phrases	such	as	‘I	don’t	
know’	or	‘I’m	ignorant’.	
unique	 	
Positive	descriptions		of	aspects	of	a	region	
that	cannot	be	found	elsewhere,	or	are	
found	in	the	region	in	greater	abundance	
than	in	other	places.	
unstable	 	
Descriptions	of	instability	in	the	rock	often	
with	negative	or	fearful	associations.	
Includes	use	of	words	like	‘broken’	or	
‘shaky’.	
uranium	 minerals	 Mineral	identified.	
volcano	 natural	hazards	 Mention	of	volcano	either	specific	locally	or	in	abstract.	
waste	ground	 	
Description	of	ground	that	has	been	left	
with	mining	or	other	waste	as	a	residual	
impact	of	human	activity.	Can	be	either	
positively	or	negatively	described.	
water	 	
Any	mention	of	water,	including	in	ground	
water,	surface	water,	wells,	rivers,	lakes	and	
streams.	Dies	not	include	sea	water	which	is	
classified	under	‘coast’.	
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weather	 	
Descriptions	of	the	weather,	added	due	to	
the	large	numbers	of	comments	about	the	
extreme	and	inclement	weather	being	
experienced	during	the	interview	period.	
wolframite	 minerals	 Mineral	identified.	
zinc	 minerals	 Mineral	identified.	
	
	
Non-expert	quotes	justifying	each	node	present	in	mental	model:	
	
Agriculture	
I	haven't	really	thought	about	[local	geology]	but	I	guess	[Chulmleigh	is]	a	bit	more	pastoral,	
perhaps,	than	other	parts,	it	varies.	I	mean	the	UK	is	a	very	variable	land	mass	anyway	isn't	it	
we've	got	our	forests,	our	pastures	mountains,	well	not	moutains	-	hills	really.	But	em	no	
I've	never	really	thought	about	that	as	such.	I	suppose	we're	a	holiday	area	as	such	-	you	
tend	to	think	of	people	coming	here	to	enjoy	the	nice	scenery	and	nice	weather	when	it	
happens.	-	Chester	
	
The	ground	there	is	rubbish	for	planting.	For	growing.	Because	it’s	mostly	mine	waste	over	a	
long,	long	period	of	time.		But	that’s	what’s	going	on	there.		And,	lots	of	the	areas	round	
about	are	very	similar.		Areas	where	you	wouldn’t	choose	to	try	and	farm	either	would	
be…this	was	when	they	had	to	call	Trevince	Woods	the	arsenic	woods.		Because,	there's	an	
arsenic	factory	there.	-	Kenneth	
	
Angled	Deposits	
And	these	are	all	levels	where	they	are,	sort	of,	looking	for	veins	which	run	across.		So,	they	
hope	to	mine	out	a	vein	if	they	can	and	some	of	these	things	are	like	a	cathedral.		I	mean,	
there's	stopes	--	they	call	them	stopes.		You	know	this,	don't	you?	-	Kara	
	
well	if	you	go	up	towards	sort	of	Westward	Ho!,	Buckland	and	around	there,	when	the	tide	
goes	out	there	it	leaves	the	sort	of	rock	and	sort	of	formed	in	like	shelves,	and	they’ve	got	
quite	a	nice	pattern	but	I	think	that’s	quite	nice	because	people	when	they	go	there,	they	go	
there	to	look	at	it	and	like	Hartland	Quay	and	places	round	there.	There’s	quite	nice	rock	
formations	and	things	like	that	so	I	think	that’s	quite	interesting	there.	–	Charlotte		
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Anthropocentric	
Well	layers	of	different	rocks	and	soils	and	the	fact	that	they’ve	been	moved	around	by	
history.	–	Chloe		
	
	
Different	stones,	granite	sandstone	and	some	stone	you	can	put	a	fork	in,	some	stone	bends	
the	fork.	–	Keith		
	
You	know,	there's	harder	stone	which	stays	and	soft	stone	washes	away.		So,	you	know,	that	
is	why	the	world	keeps	changing	its	shape	and	moving	about.		It	does	concern	me	a	bit	
sometimes	the	number	of	major	earthquakes	we	seem	to	be	getting	around	the	Pacific.		I'm	
wondering	why.		Is	it	something	we're	doing	to	the	world	that's	causing	this?	–	Hugh		
	
Well,	geology,	I	was	just	going	to	say	that	the	recent	findings	at	Stonehenge.	But	that's,		I	
wouldn't		call	that	geology,	although	its	all	hidden	and	hidden	recently,	does	this	make	it	
geology.	–	Chester		
	
Well,	I	know	that	here,	because	we	live	near	the	mine	to	be,	you	have	to	have	tungsten	to	
move	forward.		I	don't	necessarily	have	to	agree	with	it.		I	can	understand	it	and	I	know	why,	
but	I	realise	also	that	profit-making	organisations	will	bulldoze	ahead	to	get	geological	
deposits,	et	cetera,	et	cetera	and	sometimes	they're	not	very	mindful	of	what	they're	
destroying	in	the	process.	–	Hannah		
	 	
Culture/Community	
I	was	born	in	Liverpool	and	I	know	that	a	lot	around	Liverpool	is	sandstone,	and	it	had	been	
sort	of,	it	was,	er,	like	the	Anglican	Cathedral	that	is	faced	in	sandstone.	You	know	the	big	
cathedral	there	and	so	there	was	a	lot	of	stone	masons	and	people	like,	and	there	was	a	lot	
of	stone	masonry	and	sights	around	Liverpool.	I’m	into	family	history	and	I	found	out	that	on	
my	grandmothers	side,	for	about	four	generations	they	are	classed	as	stonemasons,	what	
they	actually	did	I’ve	no	idea	or	what	they	actually	worked	on.	–	Charles		
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Well	I	think	that	this	community	kind	of	grew	up	because	of	the	mining,	and	I	think	it	started	
off	with,	I	don't	know,	about	a	dozen	houses	that	were	for	mine	workers	and	then	it	just	
sort	of	snowballed	from	that,	but	I	think,	first	of	all,	where	it	was	all	associated	with	mining.	
–	Kim		
	
Henry:	 It	had	turned	people’s	views	definitely.	
Interviewer:	 So	how…when	you	say	‘It	turned	people’s	views’	how	do	you,	how	do	you	
think	it	changed?	
Henry:	They	felt	more	sympathetic.		More,	I	suppose,	you	know,	“It	was	in	our	family	for	
years	and	all	they’re	trying	to	do	is	carry	on	doing	the	same	thing.		They	might	be	digging	a	
much	bigger	hole”	you	know.		“And	they’re	digging	with	massive	bulldozers,	digging	
machines,	whereas	my	great	granddad	used	to	hang	over	the	end	on	a…,”	I	mean,	that’s	
what	they	used	to	do.	
	
Obviously	it’s	taking	a	bit	of	farm	land	but	not	a	lot.	And	it	displaced	several	people	who	
lived	in	houses	around,	but	I	understand	that	they’ve	been	compensated	and	now	are	able	
to	move.	The	downside	was	that	they’ve	had	this	hanging	over	them	since	1976	and	they’ve	
only	just	been	compensated	now.	So	if	you	wanted	to	move,	nobody	wanted	to	buy	the	
house	because	they	knew	it	was	going	to	be	taken	over	and	so,	a	little	bit	unsettling	for	
them,	but	it’s	all	been	resolved	now.	–	Howard		
	
Well,	when	you	live	here,	I	don’t	think	people	will,	unless,	you	were	a	miner,	you’ll	probably	
love,	er	understand…	I	think…	ah,	the	people	around	here	are	very	proud	of	their	granite...	
They	love	their	granite,	they	love	the	tors,	they	love	the,	when	walking	on	Dartmoor	and	
what	have	you.	So	they	understand…	you…	I	think	it’s,	it’s	very	much	an	identity	as	well,	
because	when	you	drive	into	different	parts,	we,	we	always	say,	drive	about	and	you	know	
you’ve	come	home	when	you	see	the	granite.	–	Holly		
	
So	the	mine	is	key,	granite	is	key	because	we	all	use	it,	we	build	our	walls,	it’s	everywhere	in	
the	city,	so	so	geology	is	like,	it’s	a	local	thing	for	us	as	well	I	suppose,	because	it’s	a	defined	
stone	of	our	area.	–	Heather		
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Earth’s	Structure	
The	majority	of	this	right	down	to	the	centre	of	the	earth	would	be	something	quite	hard,	
but	probably	moving	at	some	level,	down	to,	down	here,	you	know	it	might	be	gassy	things	
that	are	doing	interesting	movements,	because	we	do	get	the	odd,	um,	earthquake.	–	Chloe		
	
But,	the	actual	spin	of	the	earth	is	causing	the	core	to	be	molten	and	to	remain	molten.	–	
Kenneth		
	
And	I	think	this	stuff	is	breaking	down	quite	a	lot.		I	think	there’s	probably	going	to	be	a	fair,	
you	know.		You	know,	you’re	talking	abot	something	that’s	gotta	be	several	feet	maybe,	you	
know,	metres	and	metres	deep.		Because	obviously	literally	you're	going	from	something	
hard	to	something	softer	and	eventually	you	obviously	go	down	right	into	the	earth.		But	
presumably	the	earth,	all	the,	you	know,	the	heat	is	then	obviously	having	a	knock-on	effect	
and	drawing	all	these	lines	out	and	obviously	the	water	is	coming	down	all	the	time	as	well.	
–	Kelsi		
	
Well	I	think	it’s	just	solid	and	then	down	the	bottom	you’d	come	out	to	Australia	it	would	be	
similar	there,	the	other	side	of	us	would	be	similar	you	know	soil,	stone,	bits	where	gases	
come	out	but	I	think	the	actual	you	know	in	the	middle	of	the	Earth	is	just	one	big	solid	
stone.	–	Charlotte		
	
Economy	
Well,	I	mean	there	must	be	beneath	our	feet,	even	as	we	speak.		There	must	be	millions	and	
millions	of	pounds	worth	of	rare	earths,	metals,	because	this	area	was	noted	not	only	for	tin	
but	mostly,	copper.		And,	it’s	still	there.		It’s	not	mined.		And,	it’s	much	more	valuable.	–	
Kenneth		
	
There's	all	sorts	of	things	that	help	life,	I	think,	but	it's	what	you	destroy	in	the	process.		You	
know,	you've	got	your	tungsten	there.		They're	digging	it	to	sell	it	because	they're	going	to	
make	heaps	of	bucks,	but	then,	like	I	said	to	you	earlier,	they're	going	to	build	bigger	
vehicles	--	bigger	this,	bigger	that	--	and	that's	eating	up	the	environment.	–	Hannah		
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I	would	say	that	it’s	been	a	benefit	to	the	village	because	you	know,	the	clay	works	and	
people	who	have	had	income	from	it.	So	it’s	er,	yeah,	I	would	have	thought	that	it’s	done	
more	good	than	harm.	–	Howard		
	
Employment	
The	first	job	interview	I	ever	went	on	was	a	surveyor's	assistant	at	Wheal	Jane	Mine.		I	
wasn't	really	sure	what	a	surveyor's	assistant	did,	but	my	uncle	worked	there	and	he	said	
this	job	is	available.		They	want	academics	really,	somebody	with	a	bit	of	brain	power	rather	
than	a	dogsbody.		It	turned	out	that	the	main	part	of	the	job	was	lugging	around	the	drill	the	
surveyor	used	to	drill	holes	in	the	mine	tunnels	in	the	ceiling.	–	Keith		
	
I’ve	worked	with	the	geological	resources	all	my	working	life.	My	father	before	me,	my	
grandfather	and	all	sorts.	–	Henry		
	
The	people	that	are	employed	up	there	are	not	from	the	village	but	it	creates	jobs.		They	will	
be	paying	taxes	to	the	local	authority	to	create…local	authority	will	have	more	money	to	
spend	on…just	disappear	down	the	plug	hole	no	doubt	but	it	all	adds	into	the	UK	economy.	
–	Harold		
	
Engine	Houses	
See,	the	trouble	is,	people	look	at	that	and	they	say,	oh,	this	is	ugly	waste	ground.		Actually,	
it's	not.		It's	our	heritage.		The	Americans	started	in	the	Second	World	War	by	blowing	up	
the	engine	houses.	–	Kara		
	
No,	like	the	mining	engine	houses	or	something	like	that	there	or	you	know,	they…lots	of	
people	go	to	look	at	them	and	take	photographs	of	them	and	everything.	–	Kim		
	
No,	you	kind	of	take	it	for	granted	but	the	whole	industrial	revolution	that	created	Britain	
that	makes	us	the	country	that	we	are,	the	world.		It	started	right	here.		You	could	argue	
that	it	started	right	here	in	the	southwest	with	the	first	steam	engines	down	mines.		And	
that	wealth	created	the	empire	that	the	Victorians	created	that	was	the	biggest	ever	in	
history.		So,	we	are…all	driven	by	the	geology	of	our	little	island.	–	Harold		
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Fear	
Fracking,	that’s	one	of	the	things	I	think	we	keep	hearing	a	lot	about	and	I’m	a	bit	worried	
about	because	I	don’t	really	know	enough	about	it,	reopening	mines	and	people	falling	
down	mines,	because	we	hear	that	quite	a	lot	in	Cornwall,	you	know	people	falling	down	
them	–	Charlotte	
	
There	are	some	people	who	say	that	will	destroy	the	environment,	the	cultural	mining	
heritage	that	we	have.		Hey,	come	on.		You	don’t	just	dig	a	hole	in	the	ground	nowadays.		
There	are	lots	of	techniques	for	mining	and	drilling	techniques.		The	fact	that	you	can	
actually	guide	a	drill.		It’s	like	hanging	a	piece	of…	a	needle	on	a	piece	of	cotton	from	the	
roof.		And	you	can	actually	guide	this	thing	as	it’s	drilling.		Oh,	you	know,	the	drill	itself	
compared	with	others,	can	drill	sideways,	left	right,	you	know,	you	can	actually	direct	it.		
That	to	me	is	fascinating.		If	there's	that	technology	that’s	been	available	for	a	long	time,	a	
relatively	long	time.		The	actual	technology	that	there	is	available	could	make	it	seem	that	
you	would	hardly	know	that	there’s	mining	going	under	your	feet.	–	Kenneth		
	
That	there	is	a	hole	maybe	that	big.		And	then	after	that,	we	don’t	know	if	it	was	there	
before	or	it	was	just	our	imagination	that	there	was	this	little	cracks	going	away	from	it.		So	I	
said	to	my	son	‘don’t	walk	down	that	way,	you	always	go	up	the	lane!’	(Laughter)		I	don’t	
want	to	be	the	car	that	goes	down	in	the	hole!	–	Kim		
	
I	mean	they've	150	years,	I	suppose	that's	long	enough	for	you	don't	want	people	falling	
down	it	well	not	for	100	years	anyway,	we	won't	be	around	to	be	blamed.		But	they	built	on	
top	of	it	and	the	end	of	the	house	gave	way	a	couple	of	weeks	ago.The	telly	was	--	like	a	
dolls	house,	you	sort	of	open	the	doors	--	like	you	have	in	a	dolls	house	--	so	it	was	like	all	
the	inside	of	the	house	--	there's	a	bath	sitting	there,	teetering	on	the	edge	and	the	sofa	in	
the	corner	downstairs.		And	lots	of	fencing	around	it,	but	since	then	several	people	have	
said	--	come	up	in	conversation	about	this	house	--	oh,	yes	that's	nothing	new.	–	Keith		
	
I	suppose	I’ve	got	a	lot	of,	a	lot	more	understanding	than	some	people	of	how	deep	you	can	
go	and	what	you	can	go	down	there…what	you	can	do	while	you’re	down	there.		But	it’s	
something	which	I	find	to	be	a	bit	horrific,	you	know.	–	Henry		
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So,	this	is	the	big	concern	with	me	was	these	people.		The	price	of	tungsten	changed,	the	
Chinese	find	a	big	hole	in	the	ground	that	they	can	dig	somewhere	else	in	the	world	and	do	
it	cheaply	and	they'll	be	gone.	–	Hannah		
	 	
Flooding	
And	you	know	like	recently	there’s	been	stuff	about	flooding	hasn’t	there	in	Somerset	Levels	
and	things	and	for	me	thinking	about	that	and	how	are	we	going	to	do	that	and	it’s	because	
we’ve	taken	away	all	the	flood	plains	and	I	know	this	is	broad,	away	from	geology,but	it	kind	
of	impacts	on	it	in	a	way.	–	Christie		
	
And	you	can	see	that	up	all	the	lanes	when	you	walk	up	the	lanes,	you	can	see	that,	that	
part	of	clay	there,	because	that’s	how	the	water,	that’s’	how	this	village	floods	–	it	comes	off	
the	clay.	–	Holly		
	
Formation	of	Minerals	
	But	again,	it	seems	to	me	now	that	generally	you	could	say	on	the	area	around	Carn	Marth.		
The	area	on	the	edge	where	they’ve	got…that	where	the	Carn,	has	actually,	you	know.		
Come	up	through	the	surface	and	there’s	been	movements	below	the	surface	causing	this	
friction	which	causes	the	precipitation	of	minerals.		Then,	that’s	where	you’ll	expect	to	find	
those	minerals.	–	Kenneth		
	
I	just	imagine	that	it	gets	hotter	and	hotter	and	more	and	more	igneous	type	minerals	being	
formed	or	reformed	or	I’m	not	actually	sure	where	they’re	melting	now	or	getting	cooler,	
sometimes	I	wonder.	–	Henry		
	 	
Heritage/History	
I	mean	they	call	it	garbage	dumps,	you	know,	but	to	me	it's	history.	It's	my	children's	
heritage.	–	Kara		
	
I	mean	another	theory	of	mine	seeing	that	pink	cottage	is	when	they	made	up	paint	for	
cottages	from	lime.	I	suspect	they	put	in	earth	and	it	turned	it	pink,	which	is	why	it’s	become	
a	traditional	colour.	–	Chloe		
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You	know?		If	there's	work,	well-paid	work.		You	know,	what	shall	us	poor	Cornish	boys	do?		
You	know,	there’s	no	mining.		There’s	no	fishing.		There’s	nothing	to	do.		Sit	on	your	thumbs.	
–	Kenneth		
	
I’d	like	to	think	it’s	fairly	high	up	from	the	point	of	view	that	it’s	part	of	their	history,	simply	
because	it’s	part	of	their	history,	their	family’s	history,	that	it	is	important	to	them	because	
it’s	part	of	who	they	are	and	why	they	are	here.		But	perhaps	on	an	everyday	basis,	it	may	
not	be	because	there	isn’t	mining	going	on	here	so	it	doesn’t	affect	people’s	lives	directly.	–	
Kelsi		
	
And	there	is	a	lot	of	history	based	on,	based	on	that.	So,	like	when	you	go	further	on,	down	
into	Cornwall,	you	see	all	the	old,	the	old	erm	mine	shafts	and	the	erm	and	the	sort	of	
smelting	ah,	and	you	know,	so	it’s	sort	of	part	of	the	fabric	certainly	of	the	county.	And	they	
are	very	proud	of	that	and	rightly	so.	–	Holly		
	
Industry	
Well	there’s	the	Eden	Project.	Cos	that’s	um	old	mines	isn’t	it,	but	they’ve	made	something	
out	of	it	now,	haven’t	they	really?	Um	if	that’s	what	you	mean	I	think	it’s	just	where	where	
people	are	sort	of	taking	on	these	areas	now	and	sort	of	trying	to	make	them	nicer	sort	of	
put	them	back	how	they	were	because	there	is	one	sort	of	on	the	way	to	south	Molton,	that	
we’ve	been	to	visit	with	the	school	and	they	gave	us	like	a	school	trip	there	which	is	like	very	
interesting,	cos	they’ve	got	like	big	boulders	come	out	of	there	but	when	you	drive	past	
now,	they’ve	like	relaid	the	ground	and	they’d	planted	trees	as	a,	they’re	making	it	look	very	
much	as	if	there	wasn’t	one	there.	You	wouldn’t	really	know	that	there’s,	as	you	drive	along	
the	road	that	it’s	just	at	the	other	side	until	you	get	further	along	so	they	are	putting	the	
landscape	back	and	that’s	good	because	they’ve	taken	out	whatever	they	want	but	they’ve	
refilled	it	and	done,	you	know	whatever	they,	well	they	haven’t	refilled	it	completely,	
they’ve	made	it	look	natural.	–	Charlotte		
	
But	there	are	still	many	people	in	this	parish	who	are	still	very	much	grounded,	you	know,	in	
the	mining	industry	and	the	way	it	was	and	things	like	that.	–	Kara		
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There’s	got	to	be	a	political	will,	I	think,	to	actually	do	it,	you	know,	to	say	to	a	company,	
“Look,	here	are	all	the	minerals.		We	know	that	this	area	is	rich	in	them.		Go	and	mine	them.		
We’ll	make	you	rich	and	we’ll	make	the	country	rich.”		Make	Cornwall	prosperous	again,	you	
know.	–	Christie		
	
Well,	the	truth	of	the	matter	between	heritage	and	industry	is	that	over	the	last	50	years	
have	had	to	come	together	because	you	can’t	go	racing	into	some	beautiful	area,	dig	the	
place	up	without	paying	attention	to	what	local	people	had	done	in	the	past	because	you’re	
rarely	digging	something	for	the	first	time.	–	Henry		
	
Well,	beyond	the	villages…the	village	is	made	of	little	miner’s	houses.		But	it	has	because	we	
still	sort	of…the	estates	that	have	survived	here,	they	went…there	was	a	period	when	they	
survived	because	they	had	income	from	mines.	The	estates	that	are	here	now,	Newnham	
estate,	for	example,	big	old	house	down	there,	pretty	scruffy,	a	bit	dilapidated,	a	bit	poor,	
it’s	going	to	get	a	big	injection	of	cash	from	this	mine.		We	will	see	Newnham	house,	
reroofed	in	the	next	few	years.		You	will	see	money	spent	on	that	estate	which	will	protect	it	
for	the	future	and	will	probably	ensure	that	that	estate	continues	as	an	estate.	–	Harold		
	
Landscape	
Being	at	the	top	of	the	hill	it	might	be	quite	harder	than	lower	down	in	the	valley	where	
things	might	have,	you	know,	piled	up	more	soft	material.	–	Chloe		
	
I	can't	see	the	geology,	unless	you	include	the	landscape,	the	actual	shape	of	the	area,	
which	I	suppose	is	sort	of	geology,	em	the	fact	that	its	a	hilltop,	presumably	could	be	
defended,		they've	built	up	this	area,	this	town,	em	...	this	whole	area	relied	upon	farming	
and	sheep	farming	in	particular	and	that's	where	Chumleigh	got	its	precedence	from.	But	
that	isn't	really	involved	in	geology	is	it.	–	Christopher		
	
If	you	do	ever	wander	up	that	neck	of	the	woods	its	an	old	clay	works.	So	ah,	mining	for	us	
has	been	a	part	of	this	environment	here	and	if	you	look	at	the	ordinance	survey	maps	and	
you	look	at	the	old	settlements,	you	can	see	the	ahm,	tin,	yeah	this	neck	of	the	woods	
anyway	is	rich	in	tin,	um,	but	so	the	clay	mining,	it’s	scarred	up	there	from	the	clay	mining.	–	
Holly		
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Do	you	mean	in	outstanding	beauty	or	ruggedness	or,	I	mean	I	think	we’re	quite	unique	
down	here,	because	of	all	the	different	pockets	of	moors.	You	know	with	Exmoor,	
Dartmoor,	Bodmin	moor.	–	Heather		
	
I	think	it’s	different	clearly	because	we	are	closer	to	the	coast?	I	think	that	will	probably	
have,	I	mean	we	have	a	lot	of	like,	obviously	coastline	you’ve	got	a	lot	of	sedimentary	rock	
and	stuff	like	that,	which	I	don’t	necessarily	think	you	would	get	more	inland,	and	we	have	
got	granite	as	well	{very	confident}.	–	Hillary		
	
Layers	
I	got	my	nail,	which	I’d	nearly	worn	away	and	poked	at	it,	I	didn’t	like	to	poke	with	anything	
else	and	got	off	these	huge	bits	of	lime,	which	are	greyish,	but	there’s	like	strata	in	them	-in	
their	layers,	like,	um,	you	know,	as	though	our	water’s	changed	over	time.	–	Christie		
	
The	structure	of	how	it’s	made	up,		em	layers	laid	down	over	the	millennia,	Would	I	think	
geology	was	also	no	not	how	it	was	formed	valleys	and	craters	and	things	I	don't	think	that	
would	be	geology.	Then	I	suppose	what	we	find	in	those	layers,	that	would	be	my	
perception	of	geology	I	think.	–	Christopher		
	
I	think	that	at	some	stage	that	will	have	affected	their	mining	because	when	you	get	fault	
lines,	particularly	with	old	technology,		you	go	along	at	a	certain	level	and	suddenly	the	
mineral	stops,	because	the	seam	has	moved	two	metres	down	or	10	metres	up	or	what	
have	you,	keep	the	place	moving.	-	Henry	
	
Minerals	
It	was	all	sparkly	bits	in	the,	I	didn’t	touch	anything	cause	I	thought	mm	er	the	rest	might	
come	down	um	and	it	was	er,	having	got	in	there	was	level	floor	which	had	silt	on	cos	
obviously	water	had	gone	down	over	time	and	just	this	had	dried	out	and	just	made	a	silt	
and	when	I	looked	up	it	was,	I	suppose	it	was	probably	made	–	dug,	it	wasn’t,	wasn’t	fixed	in	
any	way	I	see	all	like	sparkly	bits	which	I	guess	were	like	Iron	Pyrites	or	whatever	they	are.	I	
can	remember	in	Snowdonia	remembering	that	the	queens	wedding	ring	was	made	of	
Welsh	gold	and	I	was	always	looking	for	sparkly	bits	and	wondering	if	it	was	gold	and	of	
course	it	wasn’t	it	was	just	a	bit	of	whatever	it	is	in	quartz	and	or	granite,	what	is	it	granite’s	
made	of	three	things,	er	feldspar,	mica	and	quartz,	is	that	right?	-	Christie	
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Granite,	of	course,	and	then	you've	got	your	minerals	and	they	will	look	for,	and	they	will	go	
off	and	look	on	their	levels	and	they	will	look	for	minerals	--	looking	for	veins	of	tin,	copper,	
zinc,	even	a	little	bit	of	silver,	but	not	worth	mining.		And	there	are	spots	of	gold	not	worth	
mining.		Well,	partially	not	work	mining	because	any	gold	belongs	to	the	crown.		So,	there's	
no	point	in	bringing	it	up.		So	it's	mainly	tin	and	copper	--	lots	of	copper.	–	Kara		
	
I’m	interested	certainly	in	the	stratigraphy	round	here	in	particular,	because	of	the	tungsten	
mine	up	there	and	I	know	sort	of	the	combinations	certainly	for	the	likelihood,	well,	there	is	
gold	round	here,	full	stop!	And	again,	so	there’s	a	personal	interest.	So	I	watch	all	the	TV	
programs	about	gold	mining.	–	Holly		
	
For	many	years	when	I	was	young	I	had	no	faith	in	God,	or	a	creator,	or	anything	like	that.		I	
somehow	felt	that	everything	came	out	of	the	soup.		Until	I	saw	crystals	from	a	blow	hole	
and	I	was	very	much	struck	by	creation.		That	it	was	actually	a	spiritual	thing	to	see	those	
crystals.	-	Kara	
	
Mining	
Um,	but	of	course	there’s	the	mountains	and	places	where	naturally..	I	mean	in	the	
Industrial	revolution	we	were	determined	to	dig	out	every	bit	of	coal	and	mineral	and	of	
course	Cornwall’s	tin.	–	Chloe		
	
Yes,	you	can't	touch	a	--	you	can't	talk	to	a	Cornish	family	without	finding	mining.		I	don't	
think	you	can	at	all.		I	think	we	were	right	ahead	in	the	industry,	you	know,	Industrial	
Revolution.	–	Kara		
	
But	you	didn’t	know	him	before.		He	talked	about	being	underground,	mining	and	it	being	
red-hot	down	there.	You	know,	it’s	not	just	because	of	the	physical	work.		Because,	the	
actual	temperature	gradient,	you	know,	as	you	go	down.		So	that	to	me	was	exciting.	–	
Kenneth		
	
Then	you	get	the	tin	mining	in	Cornwall	and	that	sort	of	thing,	which	I	have	always	thought	
of	as	the	mining	aspects	of	it,	is	that	whatever	the	rock	is	underneath	Cornwall,	certainly	
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stretches	up	into	Wales	as	well,	south	Wales?	Because	of	the	mining	there	as	well	I	would	
think.	I’m	not	sure.	I	know	that	that	is	mainly	coal	mining	as	such,	but	I	would	imagine	some	
sort	of	formation	that	just	doesn’t	stop	at	the	Bristol	Channel	you	know	what	I	mean,	it’s	
much	deeper	and	goes	further	up.	–	Charles		
	
I	remember	when	it	was	a	working	mine	the	first	time	around	or	second	time	around.		The	
first	time	around	was	the	First	World	War.		That's	when	they	did	the	vertical	shafts	up	there.		
And	then	the	Second	World	War,	they	went	open	cast	and	at	the	end	of	the	war,	obviously,	
they	didn’t	want	much	tungsten	then.		They	didn't	want	their	newer,	big	guns	for	a	while.		
So,	it	was	mothballed	and	I	came	here	in	'62-ish	and	it	was	still	fully	operational,	but	
mothballed.		Then	they	called	the	scrap	merchants	in,	took	all	the	metal	work	away.		The	
guy	that	was	looking	after	it	retired	and	it	was	just	left	and	that	is	the	big	fear	with	mining,	
unfortunately.		They	could	have	shut	up	shop	one	day	and	just	walk	away	and	leave	us	with	
the	mess.	–	Hugh		
	
Peripheral	Senses	
So	I	know	that	the	stones	vary.		You	can	have	quite	large	stones,	also	very,	very	small	ones.		
So,	you	know,	I	tend	to	notice	the	surface	I’m	walking	on	as	much	to,	you	know,	make	sure	
that	I'm	careful	what	I	tread	on	and	how	I	tread.	–	Kelsi		
	
There's	quite	a	steep	hill	down,	called	Rock	Hill,	and	there's	like	a	bit	where	the	path	drops	
down,	it	slices	into	the	land	and	you	can	see	the	different	colours	of	the	earth,	and	you’re	
probably	thinking	about,		cos	I	quite	like	the	film	Jurassic	Park,	so	you	can	see	like	how	the	
land	has	changed	and	how	the	different	colours	might	mean	different	things.	–	Christian		
	
No	doubt	nobody	admits	it.		But	my	friend	says	that	that	house	was	one	of	the	first	ones	
they	built	and	rather	than	have	their	break	outside	they	would	go	in	and	sit	down	have	a	
break.		It's	solid	as	far	as	you're	concerned.	When	it	rained	you	could	hear	the	water	running	
underneath	the	house	because	it	had	just	falling	into	this	mine	shaft.	–	Keith		
	
Pollution/Waste	Ground	
I	mean	we	often	get	rained	on	by	Saharan	dust.	–	Chloe		
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Well	they	see	it	as	waste	ground	you	see.		The	surface	they	see	as	waste	ground.		But	in	a	
way	I	find	it	more	appropriate	that	they	turned	it	into	a	garbage	dump	than	at	Poole	where	
they	started	building,	you	know,	chintz-ey	houses	on	it.		I	find	that	equally	appalling,	you	
know,	to	call	it	heritage	whilst	wrecking	the	heritage.	–	Kara		
	
Properties	of	Rock	
I	don’t	know	much,	I	don’t	know,	I	don’t	really	know	much	about	the	geology	of	Devon	or	
North	Devon,	but	I’m	sort	of	aware	that	North	Devon	is	a	bit	different	to	South	Devon,	
because	south	Devon	seems	to	have	sort	of	floppy	cliffs	of	softy	stuff	that’s	only	really	like	
hard	mud	and	so	it	hasn’t	got	any	proper	proper	sort	of	cliffs	and	bits	fall	of	whereas	North	
Devon’s	got	some	serious	rock	cliffs	so	I	know	it	must	be	different.	–	Christie		
	
You	can	use	it	in	pounding	and	grinding	and	all	those	things,	you	know.		So,	perhaps	
geologically	different.		As	I	say,	by	the	fact	that	a	lot	of	it	is	exposed	on	the	coasts.		You	
know.		As	only	for	instance,	serpentine	on	the	Lizard.		Wonderful!		Is	it,	aluminium	silicate	
something	di-tetra-hydrate	something?!	Huge	name.		But	it	is	a	lovely	soft	stone	and	it’s	not	
found	in	many	places	on	the	planet	in	such	profusion	as	on	the	Lizard	and	there's	a	place	in	
Cork?...		Is	that	where	it’s	found.		It’s	a	soft	stone	that’s	used	for	ornamental	work,	still	is.	
There’s	probably,	there’s	probably	a	certain	time.		Lots	and	lots	of	places	that’s	never	been	
exposed.		And	that’s	my	own	little	view	on	it.	–	Kenneth		
	
Well,	I	think	in	the	earth’s	core	it’s	sort	of	boiling	hot	and	what	have	you	and	bubbly	and	
then	it	sort	of	solidifies,	I	think	as	it	gets	closer.		But…So	there’s	lots	of	different	layers	of	
different	levels.	–	Kim		
	
Well	not	very	far	down	there	would	just	be	soil	and	then	little	tiny	bits	of	rock	and	from	
there	I	just	imagine	it	would	get	rockier	and	rockier,	gradually	with	bigger	bits	of	rock,	until	
it	just	gets	really	hot	in	the	middle.	I	dunno	how	else	to	describe	it	other	than	that!	–	Hillary		
	
I	think	it’s	just	such	a	lovely	rock,	granite.		I	think	one	of	the	biggest	pieces,	it’s	probably	
changed	now,	that	was	ever	cut	was	the	front	of	St.	John’s	Hall	at	Penzance.		If	you	go	up	
over	the	steps,	one	of	the	biggest	pieces	of	granite	cut	for	that	sort	of	purpose	was….	
Because	it’s	a	very	old	building,	it	will	never	go.		It	will	last.		It	will	outlast	all	of	its….		And	
granite	does…it	does	sort	of…it	stays	forever	whereas	other	man-made	things	don’t.		They	
will	crumble.		Your	cement	will	wash	away,	whatever.	–	Katrina		
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Rock	Types	
There	were	shafts	all	over	there.		There’s	a	whole	honeycombed	area	under	that.		That	was	
called	the	United	Downs…United	Mines.		And	that	was	mined	heavily.		So	yeah,	there’s	a	
whole	honeycomb	of	shafts	that	are	into	the	granite,	into	the,	the	underlying,	the	
underlying	would	be	granite.	On	the	top	you’ve	got….		Er	what’s	it	called….	Killas.	–	Kenneth		
	
I	know	that	all	of	Cornwall	is	sort	of	full	of	granite	in	it.		There’s	lots	and	lots	of	granite	in	
Cornwall.		But	I	don’t	know	really	about	other	rocks	and	things.	–Kim		
	
It’s	an	extremely	precious	metal,	tungsten.		So	they	can	afford	to	just	dig	it	out	here,	
separate	out	the	granite,	stone	et	cetera	and	then	just	get	the	real	tungsten	ore.		Which	I	
think	it’s	called	wolframite,	if	I’m	right.	–	Henry		
	
So	there	is	water	under	us	here	which	I	suppose	has	been	formed	or	collected	in	certain	
layers	-	or	runs	through	certain	geological	layers	em	but	right	under	this	house	-	or	under	
Chumleigh,	I	couldn't	tell	whether	we	were	built	on	rock	or	what	sort	of	strata,	to	be	honest.	
There's	a	lot	of	stone,	I	wouldn't	have	thought	it's	granite	but	it	could	be.	But	apart	from	
that	I	haven't	got	a	clue.	–	Christopher		
	
The	background	radiation	from	granite	because	granite	is	where	you	get	your	uranium,	isn't	
it?		My	very,	very	basic	knowledge	of	stone,	but	I	do	know	a	little	bit	about	the	radiation	
side	of	it.	–	Hugh		
	
It’s	around	us,	but	I	think,	don’t	think	some	people	are,	will	readily	be	able	to	[quietly]	I	
think	they	will	regard	you	as	a	bit	of	a	geek	if	you	go	–	oh	well	that’s	a	bit	of	granite,	cut	
through	with	a	vein	of	such-and-such..	I	think	they	would	look	at	you	a	bit	strangely.	–	Holly		
	
Shafts/Tunnels/Underground	Rivers	
I	think	there's	only	been	there	was	the	chute	up	there	as	the	village	pump	and	there's	an	
underground	drain	that	runs	from	the	pump	through	the	region.		I	think	that	sank	a	little	bit	
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for	a	little	while,	but	that's	not	to	do	with	tunnelling,	not	to	do	with	tunnelling	for	mineral	
and	I	don't	think	that	happened	here.	–	Kara		
	
	
I	don’t	think	the	mining	is	happening	now.		I’m	sure	it’s	not	happening	around	here	at	all	
now.		So	presumably	whatever	happened	has	potentially	stopped.		But	then,	again,	
obviously,	you’ve	got	time	where	perhaps	all	the	mine	shafts	would	eventually	break	down	
and	become	unstable	therefore,	you’re	going	to	have	not	landslides,		But	obviously	soil	is	
going	to	fill	in	itself	so	stuff	like	that.		So	probably	past	but	there’s	also	got	to	be	present	
because	at	some	point	things	will	have	to,	you	know,	tunnels	will	have	to	give	in.	–	Kelsi		
	
Um,	watery…	I	mean	I	don’t	really	know	where	exactly	they’ll	be,	but	um,	certainly	
Chulmleigh	has	underground	water,	that	I	sort	of	hear	tell	of,	wells…	-	Chloe		
	
Well	if	I	was	to	work	here,	with	er	with	the	valley	I	would	say	that	there	is	probably	a	stream	
in	there	somewhere,	so	it	might	be	quite	wet	because	I	know	how	much	water	we’ve	got	
down	here	and	I	don’t	know	where	the	line	of	springs	fall	but	there’s	a	lot	of	springs	from	
here	down	so	I’m	guessing	that	right	there	would	probably	be	quite	wet,	so	shall,	I’ll	put	a,	
put	some	water	in	there.	–	Heather		
	
Soil-Rock	Boundary	
So	if	you	kind	of	cut	a	slice	into	the	earth,	from	here	to	the	middle,	um	I	would	say,	idiots	
answer,	erm,	that	you’ve	got	topsoil,	and	if	you’re	lucky	you’ve	got	that	much	{gestures}	
that	would	be	very	lucky,	if	you’re	not	very	lucky	you’ve	got	that	much	{gestures}	and	then	
you’ve	got	subsoil	which	is	really	important,	but	nothing	grows	in	it	and	it’s	quite,	yeah	
some	things	will,	some	plants	will	put	their	roots	down	there	and	do	wonderful	things	and	
then	after	that	you’ve	probably	got,	depending	on	where	you	are	rock	–s	and	they’re	kind	
of,	this	is	how	I	imagine,	I	imagine	that	they	are	kind	of	little	rocks	and	then	probably	they	
get	to	be	bigger	rocks	and	then	bigger	rocks	which	probably	I	would	think	is	like	then	
continuous	rock.	–	Christie		
	
First,	several	feet	of	dirt.		And	then,	they	have,	what	do	they	call	it	“bedrock”	or	
whatever…there’s	a…there’s	granite	and	loads	and	loads	and	loads	and	loads	of	granite.		It	
goes	down	a	long,	long	way.	–	Kyle		
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Well,	there’s	top	soil.		You’ve	got	your	top	soil	for	gardening	and	growing	things.		And	then	
you	go	into	a	sort	of…around	here,	they	call	it	mineral.		You	get	like	a	clayey	effect.		It’s	
quite	near	the	surface	in	some	places	and	as	you	go	down,	it…you	sort	of	go	down	gradually	
through	layers	and	eventually,	you	hit	sort	of	rocks,	harder	stuff.	–	Kathy		
	
And	once	you’re	below	that,	subsoils	vary	enormously	from	rock	which	has	been	broken	
down	by	the	weather	so	it’s	relatively	soft	which	is	kind	of	granite	turning	in	to	the	silver	
sand	and	China	clays	that	are	up	here	now	to	deposits	left	by	underneath	oceans	that	
generally	look	like	clays	and	mudstones	and	various	sandstones,	limestone,	all	those	sorts	of	
materials.		–	Harold		
	
State	of	Rock	
And	then	I	guess	we	must	have	next	to	the	core	an	area	which	has	kind	of…it’s	not	
completely	liquid	like	the	core	but	it’s	soft,	let’s	say	soft,	not	hard.		It’s	not	absolutely	melty,	
melty,	melty.	–	Kimberley		
	
But	er	as	you	come	to	Hemerdon	Ball,	that’s	obviously…that's	nearly	all	granite.		That’s	
really,	really	hard…hard	material.		You’ve	got	the	tungsten	and	other	intrusions	there	as	well	
but	I	believe	there	is	quite	a	severe	to	my	own	local	knowledge,	I	believe	there’s	quite	a	
severe	fault	line	through	here	as	well.	–	Henry		
	
Yeah,	so	most	of	it	is	granite	and	some	of	the	pieces	can	be	quite	big.		They	are	very	solid,	
I've	known	people	to	drive	into	one	accidentally	and	don't	make	any	damage	at	all,	but	
wreck	their	car.	–	Keith		
	
They	live	with	it,	but	you	can	see	it	in	the	way	people	build.		You	know,	that's	one	thing	I	
cannot	get	my	head	around	with	America	--	San	Francisco.		It's	on	a	known	fault	that	has	
reacted	a	couple	of	times	in	known	history	and	they	still	keep	building	there.		You	know,	if	
you've	got	a	house	that's	going	to	get	knocked	down	next	year	because	the	grounds	going	
to	move	underneath	it	and	it	gets	knocked	down,	what	do	you	do?		Put	it	back	up	or	go	ten	
foot	to	the	left	and	build	it	somewhere	else.		I	can't	understand	people	doing	that.	–	Hugh		
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Surface	–	Subsurface	Relationship	
Hmm,	under	the	cobbles	that	are	probably	under	this	wooden	floor?	It’s	probably	rather	
dull,	brown	earth,	and	I	don’t	know	whether	they	would	have	dug	that	out	to	make	some	
sort	of	foundation	here,	probably	not	[laughs]	um,	below	that	some	sort	of	harder	layer,	but	
I	don’t	think	I	would	like	to	guess	at	what	exactly	that	would	be	made	of.	–	Chloe		
	
Alright,	well	I,	all	I	can	think	of	is	that	the	rock	must	virtually	follow	the	surface	because	if	
that,	if	that	was	sort	of	soft	and	not	rocky	it	would	have	eroded	away	over	time,	if	that	was	
pervious	the	river	wouldn’t	hold	water.	–	Christie		
	
If	you	go	below	that,	I	guess	you're	into	the,	sort	of,	the	deep	subsurface	rock	of	the	real	
dense	heavy	stuff	that	occasionally	breaks	the	surface	here	and	there	through	some	
geological	fault	like	the	Giant’s	Causeway.	–	Harold		
	
Yeah.		But	that’s	not	in	Carharrack	so	I	wouldn’t	have	a	clue.		That’s	something	I’ve	heard,	
yeah,	underground.		Because	they	had…yeah.		Because	in	the	shop,	you	can	go	down	under	
the	cellar	of	it	and	it	takes	you	down	the	ground.		And	there	was	a	prison	under	the	ground.		
So…but	I	don’t	know	what	would	be	under	the	ground	here.	–	Katie		
	
I	guess	there	might	be	some	clay	around	here	as	well,	because	of	the	clay	mine,	but	yeah,	I	
couldn’t	say	for	sure.	–	Hillary		
	
Unique	
Isn’t	the	South	or	most	of	the	South	of	England	with	whats	known	as	the	Devonian	Period	of	
em,	geological	history,	um….	so	I	would	presume	most	of	the	south	of	England	was	
somewhat	similar.	–	Chloe		
	
And	the	variation	upon	what	was	pulled	out	of	the	ground	here	over	300-400	years:		tin,	
gold,	silver,	copper,	zinc,	arsenic,	et	cetera.		I	don’t	think	there’s	anywhere	else	in	the	
country	that’s	had	quite	that	variety	of	stuff	mined	for.	–	Kyle		
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Water	
Maybe	some	places	it	is	continuous	rock	and	that’s	why	water	only	goes	down	so	far	
percolates	down	so	far	and	then	hits	an	impervious	la-	and	then	this	must	be	because	
otherwise	you	wouldn’t	have	springs	coming	out	halfway	up	hills.	It	must	hit	something	
impervious	and	then	move	along	that	that	then	you	get	a	spring	coming	out	not	at	sea	level	
if	you	know	what	I	mean,	just	up	somewhere.	–	Christie		
	
But	again	going	back	to	the	water	thinking	that	that	water	has	got	to	be	going	somewhere,	
and	again	looking	at	the	fields	thinking	of	how	sodden	they	are.		And	I	just	think,	you	know,	
actually	what's	going	on	below	really,	you	know,	especially	because	we	are,	I	believe,	near	a	
landfill	around	here	as	well.		I	know	that	they’re	digging	that	up	and	obviously	all	the	time	
it’s	breaking	down	and	the	gases	that	it	causes.	–	Kelsi		
	
Interviewer:	How	far	down	is	it	you'd	have	to	go	to	get	to	the	magma,	just	a	guess?	
Hugh:	Three	or	four	miles,	ish?	A	long	way.	But	I	know	down	in	Camborne	and	they	had	a	
thing	where	they	were	going	down	to	hot	rock.	Drilling	down,	fracturing	and	then	pumping	
water.		So,	it's	not	that	far	down.	
	
Well,	you're	digging	deeper,	aren't	you?		Since	they	started	investigating	the	mine	up	the	
hill,	we're	getting	twice	as	much	water	running	down	the	road	and	running	out	of	the	field.		
It's	altered.		Something	has	changed	and	it's	altered	the	water	table	and	if	you	say	it,	they	
say	oh,	no,	no.		But	you	can't	go	digging	deep	and	not	expect	some	change	to	come	about.	–	
Hannah		
	
Um	several	water	sources	come	up	through.	So	we’ve	got	a	lot	of	free	running	water	which	
is	also	quite	interesting,	cos	it	is	always	the	same	temperature,	even	in	the	summer	–	always	
51	degrees.	–	Howard		
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Quotes	shortened	in	text	and	represented	by	§	:	
	
Quote	5.2	
I	think	there’s	a	really	very	important	point	and	it’s	one	that	I	often	get	asked	about	and	that	
is	the	question	of	why	minerals	occur	in	a	particular	place,	now	if	you	want	to	open	a	new	
mine,	er	one	of	the	reactions	to	that	is	‘why	near	me?’	and	the	answer	to	that	is	as	likely	as	
not	‘because	that’s	where	it	is!’	We	don’t	have	tungsten	deposits	in	east	Anglia	for	example,	
they	just	don’t	exist	there,	so,	but	in	the	public	perception,	you	know	that’s	not	always	
appreciated	and	I	think	even	if	you’re	talking	about	mineral	planning,	um,	mineral	planning	
is	quite	an	unusual	or	separate	branch	of	planning,	if	you	like	because	if	you’re	seeking	
planning	permission	to	put	up	50	houses,	you	can	put	up	50	houses	practically	anywhere,	
well	you	can’t	put	it	anywhere,	but	there	is	a	wide	choice.	If	you	want	to	open	a	quarry	for	
high	quality	sandstone,	it’s	much	more	restricted	and	so	the	opportunities	for	siting	
something	like	that	are	far	more	restricted	and	if	you	go	even	more	tightly	constrained	to	
something	like	a	tungsten	deposit,	you	know	you’ve	only	got	a	tungsten	deposit	in	a	few	
places	and	so	you	know	the	planning	has	to	take	that	into	consideration.	I	think	this	is	where	
people	sometimes	think	‘oh	gosh	we	can	get	the	material	from	anywhere’	and	it’s	simply	
not	true.	-	Edmund	
	
Quote	5.3	
Ethan:	[One	thing	is]	how	physical	the	job	is.	One	thing	with	the	geology	at	south	crofty	was	
the	deeper	we	went,	and	the	same	thing	happens	at	Carharrack,	in	mines,	if	you	look	at	the	
old	records,	is	the	hotter	it	gets,	so	there	are	areas	you	can	have	hot	spots	underground	
where	we	have	a	lot	of	geothermal	heat.	And	some	of	the	temperatures	that	I	worked	in	
um,	were	45-50	degrees	centigrade	and	that’s	with	a	fan	blowing,	blowing	cool	air	in	on	you,	
but	still,	reaching	those	temperatures.	
Interviewer:	That’s	pretty	difficult	working	conditions?	
Ethan:	Yeah	and	er	we’d	have	to	drink	a	gallon	of	salt	solution	to	stop	you	getting	cramp	
Interviewer:	So	that	was	something	that	people	knew?	
Ethan:	Yeah.	Not	all	areas	of	the	mine	were	hot,	some	were	hotter	than	others.	Some	
people	couldn’t	stand,	tolerate	working	in	the	heat,	but	if	you	erm,	acclimatised	to	it	you	
could,	but	others	would	faint	and	pass	out	and	basically	it	was,	you	know	very	draining,	so	
even	if	I	drunk	the	water	salt	solution,	I	would	come	home	and	still	get	cramp,	you	know,	so,	
which,	I	mean	you’re	very	dehydrated	and	on	some	occasions	I	would	lose	a	stone	and	a	half	
in	three	days.		
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Quote	5.13	
Well	being	on	the	side	of	hill,	your	soil	wouldn’t	be	very	deep.	So	you	would	probably	have	
maybe	up	to	a	meter	of	good	soil,	then	you	would	have	your	subsoil,	then	you	get	down	to	
your	killas,	which	is	your	softer	rock,	and	then	the	killas	on	the	side	of	the	hill	wouldn’t	be	
very	deep.	Then	you	would	probably	go	down	another	–	I’m	talking	about	fathoms	here,	so	
there	are	6	feet	to	a	fathom,	probably	about	4	fathoms	down	you’ll	be	into	solid	granite.	
The	further	you	go	down	the	hill,	the	deeper	the	granite	becomes,	well	to	find	the	granite..	
–	Ethan	
	
Quote	5.29	
I've	never	actually	stopped	to	count	because	I	found	it	too	upsetting,	but	there's	families	
that	have	gone	now	that	were	vital	to,	sort	of,	a	nice,	cohesive,	village	life.		They	were	born	
here.		They've	lived	here	all	their	lives.		They've	brought	their	children	up	and	they've	gone.	
So,	the	fabric	of	the	village	has	changed	totally	because	in	so	doing	that,	they	decided	well,	
we'll	put	something	back	into	the	village.		What	we'll	do	is,	you	know	--	the	landlord	will	
build	all	those	trees.		We'll	do	that	lovely	road.		Yeah,	okay	so,	you've	got	noise.		You've	got	
saplings,	but	now,	our	village	is	totally	invaded	by	the	bottom	because	people	are	walking	
up	and	around	now.		So,	where	before	you	were	totally	private.		You	felt	totally	secure.		You	
didn't	have	to	lock	your	gates.		Now,	you	can	open	the	curtains	in	the	morning	and	see	a	
strange	dog	in	the	garden	or	people	standing	at	the	gates	looking	up	at	your	windows	and	
you	think	this	isn't	what	life	was	like.	–	Hannah	
	
Quote	5.32	
Well,	when	you	live	here,	I	don’t	think	people	will,	unless,	you	were	a	miner,	you’ll	probably	
love,	er	understand…	I	think…	ah,	the	people	around	here	are	very	proud	of	their	granite.	
They	love	their	granite,	they	love	the	tors,	they	love	the,	when	walking	on	Dartmoor	and	
what	have	you.	So	they	understand…	you…	I	think	it’s,	it’s	very	much	an	identity	as	well,	
because	when	you	drive	into	different	parts,	we,	we	always	say,	drive	about	and	you	know	
you’ve	come	home	when	you	see	the	granite.	–	Holly	
	
Quote	5.38	
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Holly:	I’m	just	waiting,	I’m	just	wondering,	I,	again,	I	don’t	know	what	they’re	going	to	use.	I	
know	they’ll	be	using	dynamite,	but	I	don’t	know	what	the	impact	of	the	erm,	of	what	that,	
well	what	that	is	going	to	do	with	the	shockwaves	through	that,	well	that	granite	there,	I	
don’t	know	if	that	will	stop	here,	or	whether	that	will	transfer	all	the	way	across	to	us.	
Question	mark,	don’t	know.	
Interviewer:	Right	
Holly:	So	that’s	one	thing	I’m	worried	about.	
	
Quote	5.39	
Holly:	Right,	we	are	very	keen	gardeners	so	I	can	be	quite	accurate	here	[quietly]	umm	so	
between	the	soil	we	are	hitting…	see	I	know	there’s	ex-	there’s	exposed	clay	just	down	the	
lane.	Yeah,	so	I	already	know	there	that	heap,	so	ah,	so	from	our	garden,	I’ll	do	it	for	my	
garden,	
Interviewer:	Yes	
Holly:	Up	there,	I’m	going	to	put,	50cm	in	there	so	I’d	say	that	it’s	about	20cm	just	there,	
I’ve	already	known	the	village,	now	that	depth	there,	I	would	say	say	that’s	20m	deep?	
That’s	just	in	our	garden.	
Interviewer:	Yeah?	
Holly:	Um,	the	clay,	clay	deposits	are	quite	substantial,	um	that	there,	we	haven’t	hit	granite	
in	our	garden.	
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3D	thinking 13 7 0 1 0 0 0 0 8 0 3 1 1 0 1 1 6 0 0 1 0 1 0 1 0 3 0 7 7 9 3 9 11 6 1 0 0 2 0 0 6 0 0 0 3 1 0 1 2 0 0 0 3 11 10 9 0 0 0 2 2 3 10 4 1 0 3 0 0 0 1 0
angled	deposits 7 7 0 1 0 0 0 0 2 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 2 3 4 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 4 4 5 0 0 0 0 1 2 5 3 0 0 1 0 0 0 0 0
china	clay 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
coal 1 1 0 3 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 2 1 0 0 2 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 1 0 0 0 1 1 0 0 0 0 0 1 1 2 0 0 0 1 0 0 0 0
coast 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
community 0 0 0 1 0 26 10 3 0 4 0 3 2 4 0 0 1 1 0 0 1 3 0 10 11 12 0 0 9 0 5 0 0 2 0 0 0 2 0 0 1 0 0 0 13 0 0 0 6 0 6 0 2 0 1 1 0 0 0 0 0 0 0 0 1 0 0 2 1 0 2 0
culture 0 0 0 1 0 10 22 2 0 2 1 4 0 4 0 0 0 0 0 0 0 1 0 10 8 9 0 0 8 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 7 0 8 1 1 1 1 2 0 0 0 0 0 0 0 0 2 0 0 2 0 1 0 0
dangerous 0 0 0 0 0 3 2 8 1 1 0 2 0 0 0 0 2 4 0 0 0 2 0 1 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 0 1 1 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0
detail 8 2 0 0 0 0 0 1 25 1 3 2 3 0 1 3 3 1 1 3 0 3 0 1 1 5 0 8 4 6 1 5 5 4 0 0 0 0 0 0 3 0 0 0 2 0 1 1 2 0 1 0 1 12 3 3 0 0 0 0 0 0 5 2 1 0 2 2 1 0 1 0
economy 0 0 0 1 0 4 2 1 1 18 0 3 1 1 0 0 0 1 0 0 0 5 0 3 3 10 0 1 3 0 2 0 0 2 0 0 0 1 1 0 4 0 0 0 12 0 0 1 3 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 3 1 0 0 4 0
emplacement	of	rock 3 1 0 0 0 0 1 0 3 0 7 0 0 0 2 0 0 0 0 2 1 0 0 0 0 0 0 5 4 2 0 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 5 5 5 0 0 0 0 0 0 3 2 0 0 1 2 0 0 0 0
employment 1 0 1 1 0 3 4 2 2 3 0 20 1 1 0 1 1 1 0 0 0 4 3 1 3 6 0 0 1 0 1 0 0 1 0 0 0 0 1 0 1 0 0 0 11 1 0 1 7 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 1 0 0 0 0
energy 1 0 0 0 0 2 0 0 3 1 0 1 7 0 0 0 1 0 0 0 0 4 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0
engine	houses 0 0 0 0 0 4 4 0 0 1 0 1 0 6 0 0 0 0 0 0 0 0 0 4 1 6 0 0 4 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 6 0 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0
erosion 1 0 0 0 0 0 0 0 1 0 2 0 0 0 7 0 1 0 0 2 1 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 1 2 2 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 2
expert	view 1 0 0 0 0 0 0 0 3 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
faults	and	fracturing 6 3 0 0 0 1 0 2 3 0 0 1 1 0 1 0 12 2 1 0 0 2 1 0 0 1 0 2 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 1 3 1 0 0 0 1 4 0 0 0 0 0 0 0 0 1 2 0 0 2 0 3 0 0 0
fear 0 0 0 0 0 1 0 4 1 1 0 1 0 0 0 0 2 8 0 0 0 3 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 3 0
folding 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0
geological	age 1 0 0 0 0 0 0 0 3 0 2 0 0 0 2 0 0 0 0 4 1 0 0 0 0 0 0 2 2 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 2 2 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0
geomorphology 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 5 0 0 0 1 0 0 1 3 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 3 3 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0
geothermal 1 0 0 0 0 3 1 2 3 5 0 4 4 0 0 0 2 3 0 0 0 18 0 0 1 9 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 4 1 0 1 3 0 1 0 4 2 0 1 0 0 0 0 0 0 0 0 3 2 1 0 0 0 5 0
health 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 1 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
heritage 1 0 1 2 0 10 10 1 1 3 0 1 0 4 0 0 0 0 0 0 0 0 0 20 7 7 0 0 12 1 7 1 1 3 0 0 0 1 0 0 2 0 0 0 14 0 0 0 7 0 5 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 2 0 1 0 0
identity 0 0 0 2 0 11 8 2 1 3 0 3 0 1 0 0 0 0 0 0 1 1 0 7 18 5 0 1 6 0 5 0 0 2 0 0 0 2 0 0 1 0 0 0 11 0 0 1 7 0 7 0 2 1 3 2 0 0 0 0 0 0 1 1 0 0 0 2 0 0 0 0
industry 3 0 1 1 0 12 9 0 5 10 0 6 5 6 0 0 1 1 0 0 0 9 0 7 5 37 0 0 10 1 3 1 1 4 0 0 0 1 1 0 6 0 0 0 23 0 0 1 6 0 5 2 6 1 2 2 1 0 0 0 0 0 2 1 5 3 3 1 0 1 6 0
information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
interpretation 7 2 0 0 0 0 0 0 8 1 5 0 0 0 1 1 2 0 1 2 1 0 0 0 1 0 0 15 5 6 3 5 5 4 1 0 0 1 0 0 3 0 0 0 0 1 1 3 1 0 1 0 0 9 8 6 0 0 0 0 0 0 5 2 0 0 3 2 1 0 0 0
landscape 7 3 3 2 1 9 8 0 4 3 4 1 0 4 1 1 0 0 0 2 3 0 0 12 6 10 0 5 33 3 7 4 4 4 0 0 0 1 0 0 4 0 0 0 15 0 1 5 6 1 4 1 5 9 13 11 0 0 1 0 0 1 10 3 0 0 1 4 0 1 0 0
layers 9 4 0 0 0 0 0 0 6 0 2 0 0 0 1 0 2 0 1 1 1 1 0 1 0 1 0 6 3 14 0 7 8 4 0 0 0 0 0 0 3 0 0 0 1 1 1 2 1 0 0 0 0 9 7 7 0 0 0 1 3 3 6 0 0 0 3 0 1 0 0 0
local	knowledge 3 0 0 1 0 5 4 1 1 2 0 1 0 0 0 0 1 0 0 1 1 1 0 7 5 3 0 3 7 0 24 2 2 7 2 0 0 5 0 0 3 0 0 0 10 0 0 3 3 1 3 1 3 4 5 2 0 0 0 0 1 0 2 0 0 0 1 2 1 1 2 1
local	term 9 2 0 1 0 0 0 0 5 0 2 0 0 0 1 0 0 0 0 1 1 0 0 1 0 1 0 5 4 7 2 12 11 4 1 0 0 1 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 6 8 5 0 0 0 1 1 2 6 2 0 0 3 0 0 0 0 0
killas 11 4 0 1 0 0 0 0 5 0 2 0 0 0 1 0 0 0 0 1 1 0 0 1 0 1 0 5 4 8 2 11 13 4 1 0 0 1 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 7 9 6 0 0 0 1 2 3 7 2 0 0 3 0 0 0 0 0
minerals 6 0 0 0 0 2 0 0 4 2 1 1 0 1 0 0 0 0 0 0 0 1 0 3 2 4 0 4 4 4 7 4 4 23 4 1 1 10 1 1 12 1 1 0 9 0 0 1 0 2 4 0 5 4 4 2 0 0 0 0 1 0 2 0 0 0 2 2 0 1 1 0
arsenic 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 1 1 4 4 1 0 1 0 0 2 0 0 0 1 0 0 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0
calcite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chalcopyrite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
copper 2 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 1 1 0 5 1 1 10 1 0 0 10 0 0 3 0 0 0 3 0 0 3 0 1 1 0 6 1 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
gold 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
quartz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
tin 6 0 0 0 0 1 0 0 3 4 0 1 0 1 0 0 0 0 0 0 0 0 0 2 1 6 0 3 4 3 3 4 4 12 2 1 0 3 1 0 16 0 0 0 6 0 0 2 0 0 0 0 3 2 3 1 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0
tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
wolframite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
zinc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mining 3 0 2 2 0 13 13 5 2 12 0 11 1 6 0 0 1 2 0 0 0 4 0 14 11 23 0 0 15 1 10 1 1 9 1 0 0 3 1 0 6 0 0 0 57 0 0 2 13 2 7 1 10 1 4 3 1 0 1 0 1 0 3 2 2 4 4 2 1 2 5 0
natural	hazards 1 1 0 0 0 0 0 2 0 0 0 1 0 0 0 0 3 3 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
natural	movement 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 0 1 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 1
observed 1 1 0 0 1 0 0 1 1 1 0 1 0 0 1 0 3 1 1 0 1 1 0 0 1 1 0 3 5 2 3 0 0 1 1 0 1 3 0 1 2 1 1 0 2 3 1 12 2 0 0 0 2 5 2 1 0 0 0 0 0 0 2 0 0 0 1 0 1 0 0 0
personal	connection 2 1 0 2 0 6 7 1 2 3 0 7 0 2 1 2 1 0 0 0 0 3 3 7 7 6 0 1 6 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 13 2 0 2 24 0 4 0 1 0 1 1 1 0 0 0 0 0 0 1 4 0 0 2 0 0 0 0
pollution 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 2 1 0 0 1 0 0 0 0 0 0 2 0 0 0 0 3 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 1 0
pride 0 0 0 1 0 6 8 2 1 2 2 4 0 1 0 0 0 0 0 0 0 1 0 5 7 5 0 1 4 0 3 0 0 4 0 0 0 1 0 0 0 0 0 0 7 0 0 0 4 0 14 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0
quarrying 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
resources 3 0 1 0 0 2 1 1 1 2 0 0 2 1 0 0 1 1 0 0 0 4 0 1 2 6 0 0 5 0 3 0 0 5 1 0 1 6 0 1 3 1 1 0 10 0 0 2 1 1 1 2 14 2 3 2 0 0 0 0 0 0 2 0 1 1 1 0 0 0 2 0
rock	structure 11 4 0 0 1 0 1 0 12 0 5 0 1 0 1 0 4 0 1 3 2 2 0 0 1 1 0 9 9 9 4 6 7 4 0 0 0 1 0 0 2 0 0 0 1 0 1 5 0 0 1 0 2 28 13 11 0 0 1 1 1 1 9 3 1 0 3 2 1 0 1 0
rock	types 10 4 0 1 0 1 1 0 3 0 5 0 0 0 2 0 0 0 0 2 3 0 0 0 3 2 0 8 13 7 5 8 9 4 1 0 0 2 0 0 3 0 0 0 4 0 1 2 1 1 0 1 3 13 25 16 0 0 2 1 1 3 9 3 0 0 3 1 0 0 0 0
granite 9 5 0 1 0 1 2 0 3 0 5 0 0 0 2 0 0 0 0 2 3 1 0 1 2 2 0 6 11 7 2 5 6 2 0 0 0 0 0 0 1 0 0 0 3 0 1 1 1 0 0 1 2 11 16 19 0 0 0 1 1 3 9 3 0 0 2 1 0 0 0 0
serpentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
shale 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
slate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
scale 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 4 1 1 0 0 0 0 1 0 0 0 0 0
soil 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 2 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 1 0 0 0 1 4 2 1 0 0 0 1 0 0 1 1 0
soil-rock	boundary 3 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 3 0 0 0 1 2 4 2 1 0 0 1 0 0 0 0 0
surface-subsurface	relationship10 5 0 1 0 0 0 0 5 0 3 0 0 0 1 1 1 0 0 1 2 0 0 1 1 2 0 5 10 6 2 6 7 2 0 0 0 0 0 0 2 0 0 0 3 0 0 2 0 0 0 0 2 9 9 9 0 0 0 0 1 2 14 2 0 0 0 0 0 0 0 0
technical	term 4 3 0 2 0 0 0 0 2 0 2 0 0 1 0 0 2 0 0 0 0 0 0 1 1 1 0 2 3 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 3 3 3 0 0 0 0 0 1 2 7 0 1 2 1 0 1 0 0
temperature 1 0 0 0 0 1 2 0 1 0 0 4 1 0 0 0 0 0 0 0 0 3 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 4 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 1 0
tunnels 0 0 0 0 0 0 0 1 0 2 0 0 0 1 0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 5 3 0 0 1 4 0
uncertainty 3 1 0 0 0 0 0 1 2 3 1 0 0 1 1 0 2 1 1 1 1 1 0 0 0 3 0 3 1 3 1 3 3 2 1 0 0 1 0 1 2 0 0 0 4 0 2 1 0 0 0 0 1 3 3 2 0 0 0 1 1 1 0 2 0 3 10 1 1 1 3 0
unique 0 0 0 1 0 2 2 0 2 1 2 1 0 0 0 0 0 0 0 1 0 0 0 2 2 1 0 2 4 0 2 0 0 2 0 0 0 0 0 1 0 0 0 0 2 0 0 0 2 0 4 0 0 2 1 1 0 0 0 0 0 0 0 1 0 0 1 7 0 0 0 0
unstable 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 3 1 1 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 0 0 1
waste	ground 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0 0 4 1 0
water 1 0 0 0 0 2 0 1 1 4 0 0 2 0 0 0 0 3 0 0 0 5 0 0 0 6 0 0 0 0 2 0 0 1 1 0 0 0 0 0 0 0 0 0 5 0 0 0 0 1 0 0 2 1 0 0 0 0 0 0 1 0 0 0 1 4 3 0 0 1 12 1
weather 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 3
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Hemerdon	and	Sparkwell	Expert	Interview	Node	Correlation		
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3D	thinking 16 0 7 0 1 0 0 0 0 0 1 5 0 4 0 0 0 0 1 8 0 2 3 0 1 0 0 0 0 0 3 0 6 0 2 0 2 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 13 1 0 0 0 0 0 12 0 0 1 0 0 5 0 0 1 8 8 0 0 0 3 1 0 0 0 0
agriculture 0 4 0 0 0 0 0 2 2 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 2 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0
angled	deposits 7 0 7 0 1 0 0 0 0 0 1 2 0 3 0 0 0 0 0 3 0 2 2 0 0 0 0 0 0 0 3 0 4 0 2 0 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 0 0 0 0 0 0 6 0 0 1 0 0 2 0 0 0 3 4 0 0 0 1 0 0 0 0 0
awe	and	wonder 0 0 0 3 0 0 2 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2 0 1 0 1 1 0 0 1 0
china	clay 1 0 1 0 8 0 0 4 2 0 0 1 3 2 2 0 0 0 0 0 1 0 1 0 0 0 2 0 4 0 1 3 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 3 0 0 1 1 0 0 0 4 1 3 0 0 0 0 0 0 3 0 0 1 0 0 1 0 0 0 1 2 0 0 0 2 1 0 2 0 0
coal 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
coast 0 0 0 2 0 0 5 1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 4 1 1 0 0 1 0 2 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 2 1 1 0 1 0 0 2 0 0 0 0 0 0 0 1 0 0 2 0 1 0 0 1 0 0 1 0
community 0 2 0 0 4 0 1 13 8 0 0 2 5 0 4 0 0 0 2 0 2 0 0 0 0 0 1 3 3 2 1 5 0 3 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 5 0 0 1 6 0 1 1 4 0 4 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 2 0 1 0 0
culture 0 2 0 0 2 1 1 8 12 0 0 1 3 0 2 1 0 0 2 0 3 0 0 0 0 0 2 3 2 0 1 5 0 3 1 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 5 2 0 1 3 0 0 1 2 0 4 0 0 0 0 0 0 2 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0
dangerous 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
deep	earth 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
detail 5 0 2 1 1 0 1 2 1 0 1 13 3 3 0 0 0 0 3 3 1 1 4 0 0 0 1 0 3 1 4 2 1 0 1 1 0 0 0 4 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 2 0 0 1 3 0 2 1 3 2 10 2 1 0 1 0 0 8 0 0 1 0 0 2 1 1 0 3 8 0 0 0 3 6 0 1 0 0
economy 0 1 0 0 3 0 0 5 3 0 0 3 11 1 3 0 0 0 1 0 1 0 0 0 0 0 1 0 6 1 2 3 0 0 1 1 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 5 0 0 0 3 0 1 1 4 0 3 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 2 4 0 2 0 0
emplacement	of	rock 4 0 3 1 2 0 0 0 0 0 0 3 1 7 0 0 0 0 0 1 0 1 3 0 0 0 1 0 1 0 4 1 2 0 2 0 2 1 0 3 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 1 0 0 1 1 0 0 0 1 2 6 1 0 0 0 0 0 5 0 0 1 0 0 2 1 0 0 2 6 0 0 0 3 1 0 0 0 0
employment 0 2 0 0 2 0 0 4 2 0 0 0 3 0 11 1 0 0 3 0 1 0 0 0 0 0 0 1 3 1 0 3 0 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 7 0 0 0 7 0 0 0 3 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
energy 0 0 0 0 0 2 0 0 1 0 0 0 0 0 1 5 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
engine	houses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0
expert	view 1 0 0 0 0 0 0 2 2 0 0 3 1 0 3 0 0 0 12 1 2 0 1 0 0 0 0 0 2 3 1 1 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 2 0 1 5 0 2 0 1 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 3 0 0 0 1 1 0 0 0 0
faults	and	fracturing 8 0 3 0 0 0 0 0 0 0 1 3 0 1 0 0 0 0 1 8 0 2 1 0 1 0 0 0 0 0 1 0 3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 5 0 0 0 0 0 1 0 0 1 4 4 0 0 0 2 1 0 0 0 0
fear 0 0 0 0 1 0 0 2 3 0 0 1 1 0 1 1 0 0 2 0 5 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 0 0 0 0 0 1 3 0 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0
folding 2 0 2 1 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 2 0 3 0 0 0 0 1 0 0 0 1 0 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 2 0 1 0 0 0 0 0 0 0
geological	age 3 0 2 1 1 0 1 0 0 0 1 4 0 3 0 0 0 0 1 1 0 0 7 0 0 0 1 0 1 1 2 2 1 0 2 1 1 1 0 3 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 1 0 0 2 2 0 1 0 1 2 6 2 1 0 1 0 0 5 0 0 1 0 0 2 1 1 0 2 5 0 0 0 2 2 0 0 0 0
geomorphology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
geothermal 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
health 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
heritage 0 1 0 1 2 1 4 1 2 0 0 1 1 1 0 1 0 0 0 0 0 1 1 0 0 0 10 2 6 1 0 2 0 2 1 1 0 0 0 3 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 4 0 0 0 1 0 1 0 0 0 3 1 1 0 1 0 0 3 0 0 0 0 0 0 0 1 0 0 3 0 2 0 0 1 0 0 0 0
identity 0 2 0 0 0 0 1 3 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 4 1 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
industry 0 1 0 0 4 1 1 3 2 0 0 3 6 1 3 1 0 0 2 0 1 0 1 0 0 0 6 1 15 1 2 3 0 0 1 1 0 0 0 6 0 0 0 0 0 0 0 0 0 2 0 3 0 0 0 7 0 0 0 4 0 1 1 5 0 3 1 1 0 1 0 0 2 0 0 1 0 0 0 0 1 0 0 2 0 1 0 2 4 0 2 0 0
information 0 0 0 0 0 0 0 2 0 0 0 1 1 0 1 0 0 0 3 0 0 0 1 0 0 0 1 0 1 7 2 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 2 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
interpretation 3 0 3 1 1 0 0 1 1 0 0 4 2 4 0 0 0 0 1 1 1 1 2 0 0 0 0 0 2 2 8 2 2 0 2 0 2 1 0 4 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 1 0 0 1 2 0 1 1 2 3 5 0 0 0 0 0 0 3 0 0 2 0 0 1 1 0 0 2 4 0 0 0 3 4 0 0 0 0
landscape 0 2 0 1 3 0 1 5 5 0 0 2 3 1 3 0 0 0 1 0 1 0 2 0 0 0 2 2 3 0 2 10 0 1 1 1 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 5 0 0 3 2 0 0 2 4 1 5 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 1 2 0 0 0 3 3 0 1 0 0
layers 6 0 4 0 1 0 0 0 0 0 0 1 0 2 0 0 0 0 0 3 0 2 1 0 0 0 0 0 0 0 2 0 6 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 5 0 0 0 0 0 0 4 0 0 1 0 0 3 0 0 1 4 3 0 0 0 2 1 0 0 0 0
local	knowledge 0 0 0 1 0 0 2 3 3 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 2 2 0 1 0 1 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 2 0 0 0 0 0 0 2 0 1 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0
local	term 2 1 2 0 1 0 1 1 1 0 0 1 1 2 1 0 0 0 0 0 0 0 2 0 0 0 1 0 1 0 2 1 1 0 4 2 2 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 2 0 1 0 0 1 4 1 1 0 1 0 0 3 0 0 1 0 0 1 0 1 0 1 3 0 0 0 1 1 0 0 0 0
culm 0 1 0 0 0 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 2 2 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 2 0 1 0 0 0 2 1 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0
elvan 2 0 2 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 1 0 2 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 1 2 0 0 0 1 0 0 0 0 0
killas 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0
schillet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
minerals 2 0 1 1 1 1 1 1 2 0 0 4 3 3 2 1 0 0 3 2 1 1 3 0 1 0 3 0 6 2 4 2 1 0 1 1 0 0 0 15 0 0 0 1 1 0 0 0 0 4 0 5 0 0 0 7 0 0 1 4 0 2 1 5 1 6 1 1 0 1 0 0 4 0 0 1 0 0 0 1 1 0 1 4 0 0 0 4 4 0 0 0 0
arsenic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
calcite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chalcopyrite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
copper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
fluorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gold 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ore	(various	or	undefined) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
quartz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tin 0 0 0 1 1 0 1 0 0 0 0 2 1 2 0 0 0 0 0 0 0 0 2 0 0 0 2 0 2 0 1 1 0 0 1 1 0 0 0 4 0 0 0 1 0 0 0 0 0 4 0 2 0 0 0 3 0 0 1 2 0 1 0 2 1 3 1 1 0 1 0 0 2 0 0 0 0 0 0 1 1 0 1 3 0 0 0 2 2 0 0 0 0
tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tungsten 0 0 0 1 1 0 0 1 1 0 0 2 2 2 0 0 0 0 2 0 1 0 1 0 0 0 1 0 3 0 2 2 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 2 0 5 0 0 0 3 0 0 1 1 0 0 1 3 1 4 0 0 0 0 0 0 2 0 0 1 0 0 0 1 0 0 1 3 0 0 0 3 2 0 0 0 0
uranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
wolframite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
zinc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mining 0 3 0 0 3 0 1 5 5 0 0 2 5 1 7 1 0 0 2 0 1 0 1 0 0 0 4 2 7 1 1 5 0 0 2 2 0 0 0 7 0 0 0 1 1 1 0 0 0 3 0 3 0 0 0 20 0 0 2 8 0 1 3 4 0 5 1 1 0 1 0 0 2 0 1 1 0 0 0 0 1 0 0 3 0 1 0 2 3 0 0 0 0
natural	hazards 0 0 0 1 0 0 1 0 2 1 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
natural	movement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
observed 1 0 0 1 1 0 0 1 1 0 0 1 0 1 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 1 3 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 0 0 5 2 0 0 1 1 1 3 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 2 2 0 0 0 1 2 0 0 0 0
personal	connection 0 1 0 1 1 0 1 6 3 0 0 3 3 1 7 1 0 0 5 0 0 0 2 0 0 0 1 1 4 3 2 2 0 2 2 2 0 0 0 4 0 0 0 0 1 1 0 0 0 2 0 1 0 0 0 8 0 0 2 18 0 2 0 1 1 3 1 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 1 3 0 0 0 1 2 0 0 0 0
pollution 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
pride 0 0 0 0 0 0 1 1 0 0 0 2 1 0 0 0 0 0 2 0 0 0 1 0 0 0 1 0 1 2 1 0 0 1 1 1 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 2 0 3 0 0 0 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 2 0 0 0 0
quarrying 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 1 0 0 0 4 2 0 3 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 2 0 0 0 0
resources 0 0 0 1 4 0 0 4 2 0 0 3 4 1 3 1 0 0 1 0 3 0 1 0 0 0 0 0 5 0 2 4 0 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 0 2 0 3 0 0 0 4 0 0 1 1 0 0 2 12 1 5 0 0 0 0 0 1 2 0 0 1 0 0 0 1 0 0 1 2 0 0 0 5 4 0 2 1 0
rock	structure 2 1 1 1 1 0 0 0 0 0 0 2 0 2 0 0 0 1 0 1 0 0 2 0 0 0 0 0 0 0 3 1 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 1 6 5 0 0 0 0 0 0 4 0 0 1 0 0 1 1 2 0 3 5 0 0 0 3 2 0 0 0 0
rock	types 13 1 6 1 3 1 2 4 4 0 1 10 3 6 2 1 0 1 2 5 2 1 6 0 0 0 3 1 3 1 5 5 5 2 4 2 2 1 0 6 0 0 0 0 0 0 0 0 0 3 0 4 0 0 0 5 0 0 3 3 0 1 3 5 5 29 2 1 0 1 0 1 22 0 2 2 0 1 6 1 2 1 9 16 0 0 0 7 6 0 0 0 0
basalt 1 0 0 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 2 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 2 2 1 0 1 0 0 2 0 0 0 0 0 1 0 1 0 0 2 0 0 0 0 1 0 0 0 0
chalk 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0
chert	or	flint 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
clay 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0
conglomerate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dolerite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
granite 12 0 6 0 3 0 2 2 2 0 1 8 1 5 1 0 0 1 2 5 1 1 5 0 0 0 3 1 2 1 3 1 4 2 3 1 2 1 0 4 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 2 0 0 0 1 0 1 0 2 4 22 2 1 0 1 0 0 22 0 1 1 0 0 5 0 2 1 7 14 0 0 0 5 3 0 0 0 0
limestone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mudstone 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 2 0 0 0 0 0 0 1 0 2 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0
sandstone 1 0 1 0 1 0 0 1 1 0 0 1 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 2 1 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 1 1 2 0 0 0 0 0 0 1 0 0 2 0 0 1 0 0 0 1 1 0 0 0 2 1 0 0 0 0
serpentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
shale 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
slate 5 0 2 0 1 0 0 0 1 0 0 2 0 2 0 0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 1 0 3 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 6 1 0 0 0 0 0 5 0 1 1 0 0 6 0 0 0 4 4 0 0 0 1 0 0 0 0 0
scale 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 1 0 0 0 0
soil 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 2 2 1 1 0 1 0 0 2 0 0 0 0 0 0 0 3 0 0 3 0 0 0 0 1 0 0 0 0
soil-rock	boundary 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 0 0
surface-subsurface	relationship8 0 3 1 1 0 0 0 0 0 0 3 0 2 0 0 0 0 1 4 0 1 2 0 0 0 0 0 0 0 2 1 4 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 2 1 0 0 0 1 3 9 0 0 0 0 0 0 7 0 0 1 0 0 4 1 0 1 9 6 0 0 0 4 2 0 0 0 0
technical	term 8 1 4 2 2 0 2 1 0 0 1 8 1 6 0 0 0 1 3 4 0 2 5 0 0 0 3 0 2 1 4 2 3 2 3 1 2 1 0 4 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 3 0 0 2 3 0 2 1 2 5 16 2 1 0 1 0 0 14 0 1 1 0 0 4 1 3 1 6 19 0 1 0 5 5 0 0 0 0
temperature 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tourism 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0
tunnels 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
uncertainty 3 0 1 1 2 0 0 1 1 0 0 3 2 3 1 0 0 0 1 2 1 0 2 0 0 0 0 0 2 0 3 3 2 0 1 0 1 1 0 4 0 0 0 1 0 0 0 0 0 2 0 3 0 0 0 2 0 0 1 1 0 0 1 5 3 7 0 0 0 0 0 0 5 0 0 2 0 0 1 1 0 1 4 5 0 0 0 9 3 0 1 0 0
unique 1 0 0 1 1 0 1 2 1 0 0 6 4 1 0 0 0 0 1 1 1 0 2 0 0 0 1 0 4 1 4 3 1 0 1 1 0 0 0 4 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 3 0 0 2 2 0 2 2 4 2 6 1 1 0 1 0 0 3 0 1 1 0 0 0 1 1 1 2 5 0 0 0 3 10 0 1 0 0
unstable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
waste	ground 0 0 0 0 2 0 0 1 0 0 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0
water 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0
weather 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Chulmleigh	Expert	Interview	Node	Correlation	
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3D	thinking 23 10 0 1 0 1 0 0 0 8 0 1 2 1 0 0 4 6 0 6 3 0 0 0 0 0 1 0 13 4 6 0 3 3 0 1 2 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 1 0 7 0 0 0 1 2 7 7 1 0 0 1 1 0 3 0 3 1 0 2 2 9 13 0 0 10 0 0 0 1 0
angled	deposits 10 15 0 0 0 2 0 0 0 8 0 1 1 2 0 1 4 6 0 7 3 0 0 0 0 1 1 0 10 2 5 0 2 2 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 0 1 0 0 1 6 5 0 1 1 0 1 0 2 0 1 0 0 1 1 5 9 0 0 4 0 0 0 0 0
awe	and	wonder 0 0 3 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
china	clay 1 0 0 7 0 0 1 0 0 2 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 2 3 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0
coal 0 0 0 0 5 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
coast 1 2 0 0 0 6 1 1 0 2 1 0 0 0 0 1 1 0 0 2 1 2 0 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 0 0 0 0 0 0 2 0
community 0 0 0 1 0 1 15 5 1 3 6 0 2 1 0 2 1 0 1 0 1 1 0 0 5 2 6 3 0 4 0 6 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 4 2 1 4 0 2 0 0 0 0 3 0 1 0 0 2 1 1 2 0 0 0 0 0 0 1 0
culture 0 0 0 0 0 1 5 9 0 1 2 0 1 0 0 0 1 0 0 1 0 0 0 0 4 2 2 1 0 1 0 3 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 2 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
dangerous 0 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
detail 8 8 1 2 2 2 3 1 1 30 2 4 6 4 0 2 6 2 1 6 7 1 1 0 2 4 6 3 13 6 6 2 4 3 0 1 4 0 0 0 0 1 1 1 0 1 0 1 1 0 0 2 1 0 6 4 1 4 1 3 10 13 0 3 1 3 2 1 7 0 1 1 0 1 1 6 13 0 0 5 2 0 0 1 0
economy 0 0 0 1 0 1 6 2 1 2 8 0 3 1 0 1 1 0 1 0 1 1 0 0 2 2 3 1 0 2 0 2 1 1 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 3 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0
emplacement	of	rock 1 1 0 0 2 0 0 0 0 4 0 5 1 0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 3 1 2 0 1 1 0 1 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 3 4 0 0 1 1 1 0 2 0 0 1 0 0 0 0 4 0 0 2 0 0 0 0 0
employment 2 1 1 2 0 0 2 1 0 6 3 1 15 0 0 0 0 0 0 2 3 0 2 0 1 4 2 1 10 3 1 1 3 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 5 0 3 1 1 2 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 8 0 0 3 1 0 0 0 0
energy 1 2 0 0 0 0 1 0 1 4 1 0 0 9 0 0 2 2 1 2 0 0 0 0 0 0 3 2 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 1 0 0 1 2 3 0 2 0 0 1 1 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 2 0
engine	houses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
erosion 0 1 0 0 0 1 2 0 0 2 1 1 0 0 0 4 0 0 0 0 2 2 0 0 1 0 2 0 1 3 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 3 2 0 1 1 0 1 0 1 0 1 0 0 3 1 1 2 0 0 1 0 1 0 1 0
expert	view 4 4 0 0 0 1 1 1 1 6 1 0 0 2 0 0 13 3 1 6 1 0 0 0 0 2 1 1 10 2 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 3 1 0 0 0 0 0 0 1 0 0 0 1 0 0 3 6 0 0 6 0 0 0 0 0
faults	and	fracturing 6 6 0 0 0 0 0 0 0 2 0 0 0 2 0 0 3 12 0 8 3 0 0 0 0 1 1 0 7 1 6 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 1 0 0 1 3 4 1 1 0 0 1 1 1 0 2 0 0 0 0 4 3 0 0 9 0 0 0 0 0
fear 0 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
folding 6 7 0 0 0 2 0 1 0 6 0 0 2 2 0 0 6 8 0 20 3 0 0 0 0 1 2 0 11 3 4 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 1 1 0 0 1 4 3 1 1 0 0 1 0 0 0 2 0 0 0 0 3 11 0 0 10 0 0 0 0 0
geological	age 3 3 0 0 2 1 1 0 0 7 1 3 3 0 0 2 1 3 0 3 18 1 0 0 1 1 1 0 8 3 3 0 3 3 0 0 2 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 4 1 0 2 1 1 7 6 2 1 1 1 4 0 1 0 2 0 1 1 1 2 8 0 0 8 1 0 0 0 0
geomorphology 0 0 0 0 0 2 1 0 0 1 1 0 0 0 0 2 0 0 0 0 1 6 0 0 2 0 1 0 3 4 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 2 0 0 1 0 1 0 2 0
geothermal 0 0 1 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
health 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
heritage 0 0 0 0 0 1 5 4 0 2 2 0 1 0 0 1 0 0 0 0 1 2 0 0 16 3 4 4 2 7 0 5 3 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 3 2 0 2 0 0 0 0 0 0 2 0 0 0 0 1 0 0 4 0 0 0 1 0 0 0 0
identity 0 1 0 0 0 0 2 2 0 4 2 0 4 0 0 0 2 1 0 1 1 0 0 0 3 12 3 2 6 3 0 1 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 8 0 3 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 4 0 0 2 0 0 0 0 0
industry 1 1 0 4 0 1 6 2 0 6 3 0 2 3 0 2 1 1 0 2 1 1 0 0 4 3 22 3 5 7 1 6 1 1 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 0 5 2 1 2 6 7 2 4 0 3 0 0 0 0 2 0 1 0 0 2 1 2 4 0 2 2 0 0 0 2 0
information 0 0 0 0 0 0 3 1 1 3 1 0 1 2 0 0 1 0 1 0 0 0 0 0 4 2 3 14 2 4 0 4 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 2 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
interpretation 13 10 1 1 1 1 0 0 0 13 0 3 10 2 0 1 10 7 0 11 8 3 2 0 2 6 5 2 38 14 7 1 6 6 0 1 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 16 6 1 4 0 2 12 9 1 2 0 0 1 1 7 0 2 1 2 3 3 12 25 0 0 14 1 1 0 1 0
landscape 4 2 1 0 1 1 4 1 0 6 2 1 3 0 0 3 2 1 0 3 3 4 0 0 7 3 7 4 14 29 1 5 8 8 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 7 3 0 2 1 2 6 3 0 1 0 1 0 1 2 0 1 0 0 6 4 9 13 0 1 5 2 1 0 2 0
layers 6 5 0 0 0 0 0 0 0 6 0 2 1 1 0 1 1 6 0 4 3 0 0 0 0 0 1 0 7 1 12 0 2 2 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 6 0 1 0 0 2 6 7 0 1 1 1 1 1 4 0 1 1 0 1 1 3 5 0 0 6 0 0 0 0 0
local	knowledge 0 0 0 0 0 0 6 3 0 2 2 0 1 0 0 1 0 0 0 0 0 0 0 0 5 1 6 4 1 5 0 16 5 5 0 0 2 0 0 0 0 1 0 0 1 0 0 0 0 0 0 2 0 0 1 0 0 0 3 2 1 4 0 1 0 0 0 1 4 0 1 0 0 1 1 2 4 0 1 1 1 0 0 0 0
local	term 3 2 0 0 1 0 1 1 0 4 1 1 3 0 0 1 0 1 0 1 3 1 0 0 3 2 1 3 6 8 2 5 16 16 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 1 0 1 1 1 3 5 0 0 0 1 0 1 4 0 0 1 0 2 1 1 9 0 0 1 2 1 0 1 0
culm 3 2 0 0 1 0 1 1 0 3 1 1 3 0 0 1 0 1 0 1 3 1 0 0 3 2 1 3 6 8 2 5 16 16 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0 0 1 1 3 5 0 0 0 1 0 1 4 0 0 1 0 2 1 1 9 0 0 1 2 1 0 1 0
killas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
schillet 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0
minerals 2 1 0 2 1 0 1 1 0 4 2 1 1 0 0 0 1 0 0 0 2 0 0 0 1 0 2 0 2 1 1 2 0 0 0 0 10 0 0 0 0 2 1 1 1 1 0 1 1 0 0 3 0 0 1 0 0 2 0 4 3 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 1 1 3 0 0 0 0
arsenic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
calcite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chalcopyrite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
copper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gold 1 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iron 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
ore	(various	or	undefined) 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
quartz 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
tin 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tungsten 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
uranium 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
wolframite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
zinc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mining 1 0 0 1 0 0 1 0 0 2 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 1 2 0 0 0 0 3 0 0 0 0 0 0 1 1 0 0 1 0 0 0 6 0 0 1 0 0 1 1 2 1 3 0 2 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0
natural	hazards 1 0 0 0 0 1 0 0 0 1 0 1 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 2 1 1 0 2 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 3 1 0 0 0 0 2 1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 2 0 0 0 0 1 0 3 0
natural	movement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
observed 7 4 1 1 1 0 1 1 0 6 0 1 6 2 0 0 3 5 0 6 4 0 1 0 1 1 5 1 16 7 6 1 3 3 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 24 6 1 2 0 2 6 5 0 4 0 0 1 1 3 0 0 1 2 0 1 7 12 0 0 7 1 0 0 0 0
personal	connection 0 0 2 1 1 0 0 1 0 4 0 0 5 0 0 0 2 1 0 1 1 0 1 0 1 8 2 1 6 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6 15 0 3 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 2 1 0 0 0 0
pollution 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
pride 0 0 1 0 0 0 0 0 0 4 0 0 3 0 0 0 0 0 0 0 2 0 1 0 1 3 2 2 4 2 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 3 0 7 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 4 0 0 0 0
quarrying 1 0 0 2 0 1 4 1 0 1 2 0 1 0 0 1 0 0 0 0 1 1 0 0 3 0 6 0 0 1 0 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 10 5 0 3 0 1 0 0 0 0 2 0 0 0 0 1 0 1 2 0 0 1 0 0 0 1 0
resources 2 1 0 3 0 1 2 2 0 3 3 0 1 1 0 1 0 1 0 1 1 1 0 0 2 0 7 0 2 2 2 2 1 1 0 0 4 0 0 0 0 0 0 1 1 0 0 1 0 0 0 2 0 0 2 0 1 0 5 11 2 4 0 1 0 1 0 0 2 0 0 0 0 1 0 1 2 0 1 2 0 0 0 1 0
rock	structure 7 6 0 0 1 0 1 0 0 10 0 3 2 2 0 3 3 3 0 4 7 1 0 0 0 0 2 0 12 6 6 1 3 3 0 1 3 0 0 0 0 1 1 1 0 1 0 1 1 0 0 1 2 0 6 0 1 0 0 2 19 10 1 3 1 2 2 0 4 0 3 1 2 3 3 4 11 0 0 5 0 1 0 1 0
rock	types 7 5 0 1 1 0 4 2 0 13 1 4 1 3 0 2 1 4 0 3 6 0 0 0 2 1 4 1 9 3 7 4 5 5 0 1 3 0 0 0 0 0 1 1 0 1 0 1 1 0 0 3 1 0 5 1 1 1 3 4 10 28 1 6 1 3 4 3 16 0 6 1 1 1 2 5 13 0 0 7 2 0 0 0 0
chert	or	flint 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0
clay 0 1 0 2 0 0 2 0 0 3 0 0 0 2 0 1 0 1 0 1 1 0 0 0 0 0 3 0 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 4 1 1 0 1 1 3 6 0 7 0 0 1 1 3 0 1 0 1 1 2 2 2 0 0 1 0 0 0 0 0
conglomerate 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
granite 1 0 0 0 1 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 2 0 0 0 0 0 1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 2 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
limestone 1 1 0 0 0 0 0 0 0 2 0 1 0 1 0 1 0 1 0 1 4 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 2 4 2 1 1 0 5 1 1 0 2 0 0 0 0 0 0 0 0 4 0 0 0 0 0
mudstone 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 3 0 1 0 0 1 3 3 0 0 0 0 0 0 2 0 0 0 1 1 0 0 0 0
sandstone 3 2 0 0 0 0 3 2 0 7 1 2 1 1 0 1 1 1 0 0 1 0 0 0 2 1 2 0 7 2 4 4 4 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 3 0 0 0 2 2 4 16 0 3 0 0 1 3 16 0 3 1 1 1 2 5 11 0 0 3 1 0 0 0 0
serpentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
shale 3 1 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 2 0 2 2 0 0 0 0 0 1 0 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 6 2 1 0 0 2 0 3 0 7 0 0 1 1 1 4 0 0 3 0 0 0 0 0
slate 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0
scale 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 1 0 1 0 0 0 0 1 0 0 0 4 1 1 1 2 0 0 3 0 0 0 0 0
soil 2 1 0 0 0 1 2 0 0 1 1 0 0 0 0 3 0 0 0 0 1 3 0 0 1 0 2 0 3 6 1 1 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 3 1 0 1 0 0 0 0 1 0 1 0 1 8 4 3 5 0 0 3 0 1 0 1 0
soil-rock	boundary 2 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 3 4 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 2 0 2 0 0 0 0 2 0 1 0 1 4 5 4 5 0 0 3 0 0 0 0 0
surface-subsurface	relationship9 5 0 1 0 1 1 0 0 6 0 0 2 0 0 1 3 4 0 3 2 1 0 0 0 0 2 0 12 9 3 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 1 0 0 1 1 4 5 0 2 0 0 0 2 5 0 1 0 1 3 4 16 14 0 0 8 1 0 0 1 0
technical	term 13 9 0 1 3 2 2 1 0 13 1 4 8 1 0 2 6 3 0 11 8 2 1 0 4 4 4 0 25 13 5 4 9 9 0 1 2 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 2 0 12 4 0 1 2 2 11 13 0 2 0 1 0 0 11 0 4 1 2 5 5 14 45 0 0 12 1 1 0 2 0
temperature 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tunnels 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 1 0
uncertainty 10 4 0 1 0 0 0 0 0 5 1 2 3 0 0 1 6 9 0 10 8 1 0 0 0 2 2 0 14 5 6 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 7 2 0 1 1 2 5 7 2 1 1 0 4 1 3 0 3 0 3 3 3 8 12 0 1 19 0 0 0 1 0
unique 0 0 1 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 2 0 1 2 2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 4 0 0 0 2 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 8 0 0 0 0
unstable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 1 0
waste	ground 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
water 1 0 0 1 0 2 1 0 0 1 0 0 0 2 0 1 0 0 0 0 0 2 0 0 0 0 2 1 1 2 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 0 1 1 0 1 0 7 0
weather 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Carharrack	Non-Expert	Interview	Node	Correlation	
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3D	thinking 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
agriculture 0 22 0 4 1 1 0 0 0 2 4 4 1 0 0 1 0 1 3 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 6 1 3 2 4 0 2 11 2 6 2 0 0 0 0 1 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 5 0 0 4 5 2 1 0 0 2 1 6 7 0 0 0 2 0 0 4 0 0 0 0 0 0 0 5 4 2 0 2 0 0 1 2 0 0 1 1 2 6 5
angled	deposits 0 0 3 2 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 1 0 0
anthropocentric 0 4 2 62 6 4 3 0 1 7 3 4 1 1 0 0 0 1 0 0 0 6 0 2 0 0 4 1 1 1 2 1 2 1 8 5 6 2 11 1 1 16 7 10 1 0 0 1 0 0 10 0 1 0 0 0 0 2 0 0 0 2 0 0 1 0 0 2 1 1 0 1 4 0 0 0 0 1 24 2 0 0 0 0 1 2 1 0 0 5 4 2 0 0 0 2 2 10 14 0 0 0 0 0 0 10 0 0 2 1 1 0 6 4 4 2 1 18 4 0 2 3 11 13 1 4 6 8 4
artificial	vs	natural 0 1 0 6 13 4 1 0 0 4 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 5 1 1 1 2 0 0 7 3 2 0 0 0 0 0 0 2 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 1 1 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 1 1 0 0 0 1 0 2 3 0 0 0 0 0 0 3 0 0 0 0 0 0 1 3 2 0 1 3 0 0 0 1 2 2 2 0 2 1 0
attractive	or	beauty 0 1 1 4 4 24 4 0 0 12 1 0 1 0 0 2 0 3 1 0 0 2 0 3 0 0 0 1 1 0 4 0 0 0 12 2 0 3 3 1 0 12 1 3 1 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 4 0 0 7 1 1 1 0 0 1 1 3 6 0 0 0 0 0 0 5 0 0 0 1 0 0 0 5 2 0 0 1 0 0 0 2 0 0 1 0 2 1 0
awe	and	wonder 0 0 0 3 1 4 15 0 0 6 1 1 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 2 0 1 1 0 1 7 2 1 3 2 1 0 3 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 4 0 1 1 0 0 1 1 3 3 0 0 0 0 0 0 2 0 0 0 1 0 0 1 1 0 0 0 1 2 0 0 0 0 1 2 0 0 0 1
china	clay 0 0 0 0 0 0 0 8 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 0 0 1 6 0 0 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
coal 0 0 0 1 0 0 0 0 9 1 0 0 0 1 0 1 0 0 0 0 0 2 1 1 0 0 0 0 2 0 1 0 0 0 2 0 3 1 2 0 0 4 1 3 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 2 0 0 0 0 1 4 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 2 0 3 3 0 1 0 0 0 0 2 0 0 0 0 0 0 1 2 1 2 0 1 1 0 1 1 0 1 1 1 0 0 0
coast 0 2 1 7 4 12 6 0 1 47 6 3 3 2 0 1 1 5 3 1 0 1 0 8 0 0 1 3 4 0 7 2 1 1 14 1 4 4 4 3 4 23 2 10 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 1 0 0 1 0 0 3 8 0 0 9 0 2 0 0 1 1 1 9 12 0 1 1 0 0 0 5 1 0 1 3 0 0 2 6 6 0 0 1 2 0 1 5 1 2 5 3 0 5 1
community 0 4 0 3 0 1 1 1 0 6 88 52 13 0 3 23 2 0 18 4 1 2 2 2 2 1 18 0 0 0 0 0 4 2 41 6 12 22 34 7 2 18 0 42 0 0 0 0 0 0 11 0 1 0 0 0 0 4 0 0 0 1 0 0 1 0 0 1 0 0 0 0 4 0 0 0 0 0 44 1 0 1 0 0 0 0 7 2 0 16 7 14 1 0 0 5 3 2 3 0 0 0 0 0 0 2 0 0 0 1 0 0 0 5 2 0 0 1 1 0 0 7 9 6 3 7 10 7 4
culture 0 4 0 4 0 0 1 1 0 3 52 71 8 0 3 22 4 0 18 0 0 2 0 1 1 0 9 0 0 1 1 0 1 1 38 6 8 28 30 5 1 15 0 26 0 0 0 0 0 0 8 0 0 0 0 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 33 1 0 1 0 0 0 0 6 0 0 19 2 14 1 0 0 5 3 3 7 0 0 0 1 0 0 4 0 0 1 0 0 0 0 3 1 0 0 0 0 0 1 5 1 3 3 2 6 6 3
dangerous 0 1 0 1 0 1 1 0 0 3 13 8 45 2 2 4 1 0 4 2 2 5 1 4 3 0 13 0 0 0 0 1 0 6 11 5 2 7 12 6 1 9 1 22 0 0 0 0 0 0 4 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 25 4 2 1 1 1 1 0 6 1 0 11 5 3 1 0 0 1 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1 0 0 1 1 0 1 1 11 9 1 15 4 5 2
deep	earth 0 0 0 1 0 0 1 0 1 2 0 0 2 24 2 0 0 2 0 1 0 0 0 0 1 0 0 1 1 0 2 0 1 1 2 1 0 1 1 1 2 3 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 2 0 0 1 1 2 0 0 0 1 0 1 0 0 0 0 0 6 3 0 0 0 0 0 0 1 0 0 0 0 0 0 7 5 2 2 2 6 0 0 6 0 0 4 0 2 0 2 0
detail 0 0 0 0 0 0 0 0 0 0 3 3 2 2 8 3 1 0 2 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 2 0 2 2 3 0 0 1 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 3 0 2 0 0 0 1 2 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
economy 0 1 0 0 0 2 0 0 1 1 23 22 4 0 3 54 3 0 14 4 0 3 2 0 1 0 3 0 0 0 0 0 3 0 21 5 13 10 24 1 1 7 0 22 0 0 0 0 0 0 20 0 0 0 0 0 0 7 0 0 0 1 0 0 0 0 0 3 0 0 0 0 12 0 0 0 0 0 36 0 0 0 0 0 0 0 2 3 0 11 1 9 1 1 1 16 3 3 2 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 3 2 2 2 3 5 3 0
education 0 0 0 0 0 0 0 0 0 1 2 4 1 0 1 3 15 0 2 1 0 0 1 0 2 0 1 0 0 2 2 3 0 0 1 2 0 9 0 1 2 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 1 0 1 0 0 9 0 1 0 0 0 0 0 1 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 1 0 1 0 0 0
emplacement	of	rock 0 1 0 1 3 3 0 0 0 5 0 0 0 2 0 0 0 17 0 0 0 0 0 1 0 0 0 0 2 0 5 0 0 0 2 1 0 0 1 0 1 9 3 3 0 0 0 0 0 0 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 5 4 1 0 0 0 1 4 4 0 0 0 0 1 0 0 0 1 0 6 9 0 0 0 0 0 0 7 1 0 2 0 2 0 1 3 3 1 0 3 2 0 1 0 0 5 2 1 0 3 0
employment 0 3 0 0 0 1 0 0 0 3 18 18 4 0 2 14 2 0 41 1 0 1 2 0 2 0 1 0 0 0 0 0 0 1 17 2 6 13 16 2 1 4 0 11 0 0 0 0 0 0 8 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 4 0 0 0 0 0 28 0 0 0 0 0 0 0 4 1 0 12 1 4 0 0 0 3 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 1 0 0 4 2 0 0 1 2 2 2
energy 0 0 0 0 0 0 1 0 0 1 4 0 2 1 0 4 1 0 1 18 7 0 1 0 0 1 4 0 0 0 0 0 6 0 0 0 3 1 2 1 0 1 1 5 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 2 1 1 1 0 0 0 0 5 0 1 0 0 0 0 0 3 1 3 6 0 0 0 0 0 0 5 0 0 0 0 1 0 0 1 0 0 1 2 0 0 1 0 2 5 0 3 1 3 0
fracking 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 7 7 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 1 1 1 0 0 0 0 3 0 0 0 0 0 0 0 1 0 2 4 0 0 0 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 1 4 0 3 1 1 0
engine	houses 0 0 0 6 0 2 0 0 2 1 2 2 5 0 0 3 0 0 1 0 0 36 0 0 1 0 1 0 0 0 0 0 0 1 17 4 4 3 10 3 0 12 1 13 0 0 0 0 0 0 6 0 2 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 1 0 0 1 4 0 0 0 0 1 22 0 0 0 0 0 0 0 3 0 0 5 1 5 1 0 0 0 2 2 3 0 0 0 0 0 0 3 0 0 0 0 1 0 3 1 3 2 0 3 2 0 0 1 7 3 1 2 4 3 0
engineering 0 0 0 0 0 0 0 0 1 0 2 0 1 0 0 2 1 0 2 1 0 0 5 0 1 0 1 0 0 0 0 0 0 0 0 0 2 2 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0
erosion 0 0 0 2 0 3 1 1 1 8 2 1 4 0 0 0 0 1 0 0 0 0 0 20 2 0 0 0 0 0 2 3 0 0 3 1 0 1 0 3 0 7 1 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 1 0 0 2 2 0 0 2 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 1 2 0 2 0 0 0 0 1 1 0 5 0 4 2
expert	view 0 0 0 0 0 0 0 0 0 0 2 1 3 1 1 1 2 0 2 0 0 1 1 2 20 0 1 0 1 0 4 2 0 1 2 2 0 2 3 7 4 5 2 5 0 0 0 0 0 0 5 0 1 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 4 0 0 0 0 0 0 0 3 0 0 10 0 2 0 0 0 1 0 2 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 2 0 0 0 2 2 0 1 2 0 2
faults	and	fracturing 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 1 1 0
fear 0 0 0 4 0 0 0 0 0 1 18 9 13 0 2 3 1 0 1 4 3 1 1 0 1 1 39 0 0 0 0 0 2 2 5 1 3 5 9 3 1 6 0 15 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 17 3 0 1 0 0 1 0 4 2 0 8 6 2 0 1 0 1 5 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 4 1 0 0 0 13 17 0 16 5 5 1
folding 0 0 1 1 0 1 1 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 1 0 0 2 0 0 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0
fossil 0 0 0 1 0 1 2 0 2 4 0 0 0 1 0 0 0 2 0 0 0 0 0 0 1 0 0 0 12 0 5 0 0 0 1 0 1 0 0 1 0 4 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 6 0 2 0 0 0 1 0 2 4 0 1 0 0 0 0 2 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 2 1 0 0 1 0
geography 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 6 0 3 0 0 1 1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 2 0 1 0 0 0 0 1
geological	age 0 1 0 2 2 4 1 0 1 7 0 1 0 2 0 0 2 5 0 0 0 0 0 2 4 0 0 1 5 0 27 2 0 0 2 1 0 3 0 3 4 8 5 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 2 7 0 0 6 0 1 0 0 0 0 0 8 8 1 1 0 0 0 0 4 1 0 1 0 1 0 2 5 2 0 0 0 2 0 2 2 0 3 0 0 0 2 0
geomorphology 0 0 0 1 0 0 1 0 0 2 0 0 1 0 0 0 3 0 0 0 0 0 0 3 2 0 0 1 0 3 2 13 0 0 1 1 0 1 1 1 1 8 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 5 0 0 7 0 1 0 0 0 0 0 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 3 0 0 1 1 0 2 0
geothermal 0 1 0 2 0 0 0 0 0 1 4 1 0 1 0 3 0 0 0 6 0 0 0 0 0 0 2 0 0 0 0 0 14 0 0 0 4 1 5 1 0 1 1 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 1 0 2 6 0 0 0 0 0 0 6 0 0 0 0 0 0 1 1 0 0 1 2 0 0 5 0 1 2 0 0 1 6 0
health 0 0 0 1 0 0 1 0 0 1 2 1 6 1 0 0 0 0 1 0 0 1 0 0 1 0 2 0 0 0 0 0 0 9 3 1 0 2 7 1 1 2 0 3 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 1 1 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 2 0 1 2 1 1
heritage 0 6 2 8 5 12 7 3 2 14 41 38 11 2 2 21 1 2 17 0 0 17 0 3 2 0 5 2 1 1 2 1 0 3 146 14 14 25 41 16 2 47 3 44 1 0 0 0 0 0 19 0 0 0 0 0 0 4 0 0 0 1 0 0 0 0 0 0 0 1 0 0 11 0 0 0 0 0 69 1 1 0 0 1 0 0 9 0 0 27 3 17 2 2 1 8 6 8 13 0 0 0 1 0 0 8 0 0 0 4 1 0 3 4 5 1 1 6 2 0 1 13 7 7 7 1 10 7 5
history 0 1 0 5 1 2 2 0 0 1 6 6 5 1 0 5 2 1 2 0 0 4 0 1 2 0 1 0 0 1 1 1 0 1 14 21 1 6 11 3 0 5 1 8 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 10 1 1 0 0 1 1 0 1 0 0 2 2 2 1 0 0 0 0 2 2 0 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 3 0 0 1 4 0 2 2 2 2 0 0
human	benefit 0 3 0 6 1 0 1 0 3 4 12 8 2 0 2 13 0 0 6 3 0 4 2 0 0 0 3 0 1 0 0 0 4 0 14 1 39 4 15 1 1 12 2 14 1 0 0 0 0 0 12 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 5 0 0 0 0 0 17 1 0 1 0 0 0 0 3 1 0 8 1 7 2 0 0 8 2 6 7 0 0 0 1 0 0 3 0 0 0 2 0 0 1 3 2 2 0 3 1 0 1 3 1 1 5 2 1 9 0
identity 0 2 0 2 1 3 3 1 1 4 22 28 7 1 2 10 9 0 13 1 0 3 2 1 2 0 5 0 0 0 3 1 1 2 25 6 4 58 18 6 1 8 0 13 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 1 0 0 0 0 1 0 4 2 0 17 4 12 0 0 0 3 1 5 4 1 0 0 0 0 0 3 0 0 0 0 0 0 2 4 2 0 0 0 1 0 1 2 1 4 2 3 6 5 3
industry 0 4 0 11 2 3 2 6 2 4 34 30 12 1 3 24 0 1 16 2 1 10 2 0 3 1 9 0 0 0 0 1 5 7 41 11 15 18 103 8 1 28 1 37 0 0 0 0 0 0 25 0 2 0 0 0 0 5 0 0 0 4 0 0 1 0 0 2 0 0 0 0 10 0 0 0 0 0 71 1 0 0 0 0 0 0 6 3 0 17 7 12 0 0 1 14 6 7 9 0 0 0 1 0 0 8 0 0 0 0 1 0 4 5 2 1 1 3 1 0 6 6 14 9 2 6 13 13 3
information 0 0 0 1 0 1 1 0 0 3 7 5 6 1 0 1 1 0 2 1 1 3 0 3 7 1 3 0 1 1 3 1 1 1 16 3 1 6 8 46 3 11 3 13 0 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 17 2 1 0 0 1 0 0 2 1 0 11 1 1 0 0 0 0 0 3 2 0 0 0 0 0 0 1 0 0 0 0 0 0 1 3 0 0 0 0 2 1 1 1 7 6 0 2 4 1 1
interpretation 0 2 0 1 0 0 0 0 0 4 2 1 1 2 0 1 2 1 1 0 0 0 0 0 4 0 1 1 0 0 4 1 0 1 2 0 1 1 1 3 19 11 1 6 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 1 2 4 2 0 9 3 2 1 0 0 2 0 6 4 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 1 0 0 0 0 0 1 3 0 1 0 1 0 3 0
landscape 0 11 1 16 7 12 3 4 4 23 18 15 9 3 1 7 5 9 4 1 1 12 0 7 5 0 6 2 4 3 8 8 1 2 47 5 12 8 28 11 11 137 6 47 1 0 0 0 0 0 18 0 4 0 0 0 0 4 0 0 0 3 0 0 1 0 0 2 1 1 0 1 8 0 0 0 0 1 42 5 1 0 1 0 1 5 18 0 0 25 8 10 5 0 1 8 4 20 33 1 2 1 1 0 0 18 0 0 1 5 2 0 3 8 7 1 0 13 6 1 1 17 8 8 10 5 15 14 7
layers 0 2 1 7 3 1 0 0 1 2 0 0 1 8 0 0 0 3 0 1 0 1 0 1 2 0 0 1 4 0 5 1 1 0 3 1 2 0 1 3 1 6 34 1 2 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 8 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 14 16 0 0 0 1 0 0 8 0 0 1 1 2 1 5 2 2 4 1 9 1 0 4 1 3 6 0 1 2 3 0
local	knowledge 0 6 0 10 2 3 2 1 3 10 42 26 22 1 1 22 0 3 11 5 1 13 1 6 5 0 15 0 2 0 4 2 4 3 44 8 14 13 37 13 6 47 1 135 1 0 0 0 0 0 24 0 6 0 0 0 0 8 0 0 0 3 0 0 1 0 0 5 0 0 0 2 9 0 0 0 0 2 67 4 0 1 0 0 0 2 14 4 0 22 5 15 2 0 0 12 1 12 25 0 1 0 3 0 0 12 0 0 0 3 1 1 2 7 8 1 1 3 4 1 3 4 21 16 10 17 9 14 4
local	term 0 2 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 2 1 5 0 0 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 4 0 0 0 2 0 0 2 0 0 0 0 0 0 0 1 2 2 0 1 0 0 0 0 1 0 0 0 0 2 0
culm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
elvan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
killas 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 1 0
schillet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
spar	stone 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
minerals 0 4 2 10 2 2 2 0 2 2 11 8 4 0 3 20 0 5 8 1 1 6 0 0 5 0 2 0 0 1 1 1 1 2 19 2 12 2 25 3 1 18 3 24 1 0 0 0 0 0 80 0 9 0 1 0 1 20 0 0 0 9 0 0 2 0 0 8 2 3 0 4 37 0 0 0 1 5 45 1 0 0 0 0 0 3 3 1 0 12 4 6 1 0 3 19 2 5 14 0 0 0 2 0 0 8 0 0 0 0 3 0 4 1 4 2 0 4 4 0 1 3 5 9 4 2 8 8 0
aluminium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
arsenic 0 2 0 1 1 0 0 0 1 0 1 0 2 0 0 0 0 1 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 2 1 0 4 0 6 0 0 0 0 0 0 9 0 9 0 0 0 0 3 0 0 0 2 0 0 1 0 0 0 1 0 0 2 5 0 0 0 1 3 6 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 1 0 0 3 0 0 0 1 0 0 1 0 0 0 0 0 0 1 1 3 1 0 1 1 0 0 0 1 3 1 0 3 0 0
calcite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cassiterite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chalcopyrite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cobalt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
copper 0 0 1 2 1 1 0 0 0 0 4 4 2 0 1 7 0 0 1 1 1 3 0 0 2 0 1 0 0 0 0 0 0 0 4 1 2 0 5 0 0 4 0 8 0 0 0 0 0 0 20 0 3 0 0 0 0 20 0 0 0 3 0 0 2 0 0 3 0 1 0 3 16 0 0 0 1 4 11 0 0 0 0 0 0 0 0 1 0 2 0 2 0 0 1 4 1 0 4 0 0 0 0 0 0 3 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 2 3 1 1 4 1 0
diamond 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
feldspar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fluorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gold 0 0 0 2 1 0 0 0 1 0 1 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 4 0 0 3 1 3 0 0 0 0 0 0 9 0 2 0 0 0 0 3 0 0 0 9 0 0 0 0 0 1 2 1 0 4 5 0 0 0 0 3 6 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 1 3 0 0 3 0 0 0 0 0 0 2 0 0 0 0 0 0 2 1 2 1 0 2 1 0 0 0 1 1 1 0 2 0 0
gypsum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lead 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 2 0 1 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0
magnetite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ore	(various	or	undefined) 0 0 0 2 0 0 0 0 0 0 1 0 0 0 2 3 0 2 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 2 0 0 2 0 5 0 0 0 0 0 0 8 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 8 0 0 0 1 4 0 0 0 0 0 5 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 1 0 0 3 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 1 1 0
pyrite 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 1 0 1 2 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 1 1 1 0 2 1 0 0 0 1 1 0 0 1 0 0
quartz 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 3 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 2 1 0 0 2 0 0
silica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
silver 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 4 0 2 0 0 0 0 3 0 0 0 4 0 0 0 0 0 1 1 0 0 4 4 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 0 0 0 2 0 0 0 0 0 0 1 1 2 1 0 1 1 0 0 0 0 1 1 0 1 0 0
tin 0 0 1 4 2 0 0 0 2 2 4 4 2 0 2 12 0 1 4 1 1 4 0 0 3 0 2 0 0 1 0 0 0 0 11 2 5 0 10 1 0 8 1 9 0 0 0 0 0 0 37 0 5 0 1 0 0 16 0 0 0 5 0 0 1 0 0 4 2 2 0 4 37 0 0 0 1 5 24 0 0 0 0 0 0 0 1 0 0 4 1 2 0 0 3 11 2 3 5 0 0 0 0 0 0 4 0 0 0 0 0 0 3 1 2 1 0 3 1 0 0 2 4 7 1 1 6 2 0
tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tungsten 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
uranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
wolframite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
zinc 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 5 0 3 0 0 0 0 4 0 0 0 3 0 0 0 0 0 0 1 0 0 3 5 0 0 0 1 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 3 0 0 0 0 0 0 1 1 2 1 0 1 1 0 0 0 0 1 1 0 0 0 0
mining 0 6 2 24 2 3 1 1 4 2 44 33 25 1 3 36 2 5 28 1 0 22 4 2 4 1 17 0 0 1 3 1 3 5 69 10 17 22 71 17 2 42 8 67 1 0 0 1 0 0 45 0 6 0 0 0 0 11 0 0 0 6 0 0 1 0 0 5 2 2 0 3 24 0 0 0 0 3 196 2 0 0 0 0 0 2 11 3 0 27 8 13 1 0 1 17 6 15 23 0 0 0 2 0 0 17 0 0 0 1 3 0 8 9 7 4 1 12 7 0 9 5 37 33 4 18 21 15 4
natural	hazards 0 0 0 2 0 0 0 0 0 1 1 1 4 3 0 0 1 4 0 2 2 0 0 1 0 0 3 0 1 0 1 0 0 0 1 1 1 1 1 2 2 5 1 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 20 3 3 2 1 5 3 1 1 0 3 1 0 0 0 0 0 1 5 4 0 0 0 0 0 0 3 0 0 1 0 0 0 0 2 1 0 0 3 1 0 3 0 1 3 0 6 0 5 0
earthquake 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0
flooding 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 2 0
landslide 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0
tsunami 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
volcano 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 2 0 0 1 0 0 0 0 1 0 0 0 0 0 0 2 0 0 1 0 1 0 1 0
natural	movement 0 0 0 2 0 0 0 0 0 3 0 0 0 2 0 0 0 4 0 0 0 0 0 2 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 2 5 1 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 3 1 0 1 0 0 9 1 0 0 2 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 2 2 0 1 0 0 0 0 2 0 4 0
observed 0 5 0 1 2 4 2 0 0 8 7 6 6 0 1 2 1 4 4 0 0 3 0 2 3 1 4 0 1 0 7 5 0 1 9 1 3 4 6 2 4 18 0 14 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 11 1 0 0 1 0 0 1 44 0 0 18 1 5 1 0 0 3 2 9 4 1 0 0 0 0 0 2 1 0 1 0 1 0 0 7 3 0 0 1 0 0 0 3 4 3 2 5 1 7 5
oil	and	gas 0 0 0 0 0 0 0 0 1 0 2 0 1 0 0 3 0 0 1 5 3 0 1 0 0 1 2 0 0 0 0 0 0 1 0 0 1 2 3 1 2 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 0 1 0 0 0 0 10 0 1 1 0 0 0 0 4 0 2 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 3 1 2 0
peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
personal	connection 1 4 0 5 0 7 4 0 0 9 16 19 11 1 3 11 9 0 12 1 0 5 0 2 10 0 8 0 6 2 6 7 2 1 27 2 8 17 17 11 9 25 0 22 1 0 0 0 0 1 12 0 1 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 27 3 0 0 1 0 0 2 18 1 0 108 3 13 1 2 0 7 2 9 8 1 1 0 0 0 0 6 0 0 0 0 0 0 1 14 2 0 0 1 3 0 3 5 5 3 2 8 8 8 1
pollution 0 5 0 4 1 1 0 0 0 0 7 2 5 0 0 1 0 0 1 0 0 1 0 0 0 0 6 0 0 0 0 0 1 3 3 2 1 4 7 1 3 8 1 5 0 0 0 0 0 0 4 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 8 1 0 0 0 0 0 0 1 1 0 3 29 2 1 0 0 3 1 1 2 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 3 0 0 3 0 0 0 1 5 2 0 2 13 4 3
pride 0 2 0 2 1 1 1 0 1 2 14 14 3 1 2 9 1 1 4 0 0 5 0 0 2 0 2 1 2 0 1 1 1 0 17 2 7 12 12 1 2 10 0 15 0 0 0 0 0 0 6 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 13 0 0 0 0 0 0 1 5 0 0 13 2 33 2 0 0 6 1 4 5 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 7 0 3 3 1
quarrying 0 1 0 0 0 1 1 0 0 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 1 2 0 0 0 1 5 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 2 7 0 0 1 0 2 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0
radon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
recycling 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0
resources 0 2 0 2 1 1 1 0 2 1 5 5 1 0 1 16 0 1 3 3 1 0 1 0 1 0 1 0 1 0 0 0 1 0 8 0 8 3 14 0 2 8 1 12 0 0 0 0 0 0 19 0 1 0 0 0 0 4 0 0 0 3 0 0 1 0 0 1 1 1 0 0 11 0 0 0 0 0 17 0 0 0 0 0 0 0 3 4 0 7 3 6 1 0 2 33 1 6 5 0 0 0 1 0 0 2 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0 1 1 3 1 0 4 3 0
responsiblity 0 1 1 2 0 1 1 0 0 1 3 3 2 0 2 3 0 0 1 1 0 2 0 0 0 0 5 0 0 0 0 0 0 0 6 0 2 1 6 0 0 4 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 6 1 0 1 0 0 0 0 2 0 0 2 1 1 0 1 0 1 13 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 4 1 1 2 2 1 1
rock	structure 0 6 0 10 2 3 3 2 3 9 2 3 3 6 0 3 1 6 3 3 2 2 1 3 2 0 1 0 2 0 8 4 2 0 8 2 6 5 7 3 6 20 14 12 2 0 0 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 15 5 0 1 0 0 3 0 9 2 0 9 1 4 2 0 0 6 1 73 34 1 2 1 2 0 0 24 0 0 2 1 2 1 6 17 8 6 4 7 2 0 11 3 5 9 4 3 0 15 1
rock	types 0 7 1 14 3 6 3 3 3 12 3 7 0 3 1 2 2 9 1 6 4 3 0 3 1 0 1 1 4 0 8 1 6 0 13 2 7 4 9 2 4 33 16 25 4 0 0 2 0 1 14 0 3 0 0 0 0 4 0 0 0 3 0 0 0 0 0 3 1 0 0 3 5 0 0 0 0 4 23 4 0 0 0 0 2 3 4 2 0 8 2 5 3 0 0 5 0 34 108 1 3 1 5 0 0 69 1 0 5 5 7 4 6 11 11 8 3 20 5 1 8 7 5 17 8 1 3 13 1
basalt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
chalk 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 3 0 3 1 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chert	or	flint 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
clay 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 3 2 0 0 1 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 5 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 1 0 0 0 1 0
conglomerate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dolerite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
granite 0 4 0 10 3 5 2 3 2 5 2 4 0 1 1 1 1 7 0 5 3 3 0 3 1 0 0 0 2 0 4 0 6 0 8 2 3 3 8 1 3 18 8 12 2 0 0 1 0 1 8 0 1 0 0 0 0 3 0 0 0 2 0 0 0 0 0 2 1 0 0 2 4 0 0 0 0 3 17 3 0 0 0 0 2 1 2 2 0 6 0 3 3 0 0 2 0 24 69 0 2 0 0 0 0 69 0 0 2 0 5 0 6 8 3 5 2 15 3 1 5 2 4 13 2 0 3 10 1
limestone 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mudstone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
sandstone 0 0 0 2 0 0 0 0 0 1 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 5 0 0 0 0 0 0 2 1 0 5 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
serpentine 0 0 1 1 0 1 1 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 2 0 0 0 0 5 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 1 0 0 2 0 0 1 0 0 0 0
shale 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 1 1 0 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 2 2 1 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 7 0 0 0 0 0 0 5 0 0 1 0 7 1 0 0 0 0 0 1 1 0 0 0 1 4 0 0 1 0 0
slate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 1 0 1 4 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0
scale 0 0 0 6 1 0 1 0 1 2 0 0 2 7 1 0 0 1 0 0 0 3 0 1 1 0 1 0 1 0 2 0 1 1 3 2 1 2 4 1 0 3 5 2 0 0 0 0 0 0 4 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 1 0 1 3 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 6 6 0 0 0 0 0 0 6 0 0 0 0 0 0 33 3 2 2 1 13 1 0 4 0 5 9 1 0 1 1 0
sensory	experience	or	feeling0 5 0 4 3 5 1 0 2 6 5 3 2 5 0 1 0 3 2 1 0 1 0 0 1 0 1 0 1 1 5 1 1 0 4 0 3 4 5 3 3 8 2 7 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 9 2 0 0 0 0 1 0 7 0 0 14 1 1 1 1 0 2 0 17 11 0 1 0 0 0 0 8 0 0 0 1 0 0 3 44 8 2 4 4 3 0 9 1 4 2 0 3 1 7 2
soil 0 4 0 4 2 2 0 0 1 6 2 1 1 2 0 0 0 3 1 0 0 3 0 1 0 0 1 0 0 0 2 0 0 0 5 0 2 2 2 0 1 7 2 8 2 0 0 1 0 0 4 0 3 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 1 0 0 2 2 0 0 0 0 2 7 1 0 0 0 0 0 0 3 0 0 2 3 1 0 0 0 0 0 8 11 0 0 0 3 0 0 3 0 0 0 0 0 0 2 8 30 10 1 5 1 0 1 1 2 4 2 2 1 2 1
soil-rock	boundary 0 2 0 2 0 0 0 1 2 0 0 0 0 2 0 0 0 1 0 0 0 2 0 2 0 0 1 0 0 0 0 0 0 0 1 0 2 0 1 0 0 1 4 1 2 0 0 1 0 0 2 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 6 8 0 0 0 2 0 0 5 0 0 0 0 0 0 2 2 10 14 0 4 1 0 1 0 1 3 0 0 1 2 0
surface	applied	to	subsurafce0 0 0 1 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 2 0 0 0 0 0 0 1 4 1 0 5 3 0 0 2 0 1 0 0 0 0 1 0
surface-subsurface	relationship0 2 0 18 3 1 1 0 1 1 1 0 1 6 0 1 0 3 0 2 2 3 0 2 0 0 4 0 1 1 0 0 2 0 6 3 3 0 3 0 0 13 9 3 1 0 0 1 0 0 4 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 1 0 1 3 0 0 0 0 1 12 3 1 1 0 0 0 2 1 0 0 1 3 0 1 0 0 1 1 7 20 0 0 0 0 0 0 15 0 0 0 0 1 0 13 4 5 4 3 54 2 0 4 0 7 18 0 3 2 2 1
technical	term 0 0 1 4 0 0 2 0 1 2 1 0 1 0 0 0 0 2 1 0 0 2 0 0 2 0 1 1 0 0 2 2 0 0 2 0 1 1 1 2 0 6 1 4 0 0 0 0 0 0 4 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 1 7 1 0 0 0 0 0 2 0 0 0 3 0 1 0 0 0 0 0 2 5 0 0 0 0 0 0 3 0 0 0 1 1 0 1 3 1 1 0 2 13 0 1 0 2 4 2 1 2 2 2
TELLUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
temperature 0 1 0 2 0 0 0 0 1 1 0 1 1 6 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 0 5 1 1 1 1 1 6 1 1 1 4 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 9 3 0 0 0 0 2 1 0 0 0 3 0 0 0 0 0 0 0 11 8 0 0 0 0 0 0 5 0 0 0 0 0 1 4 9 1 1 2 4 1 0 22 0 1 4 0 0 0 6 1
tourism 0 2 1 3 1 2 0 1 1 5 7 5 1 0 0 3 4 0 4 0 0 1 0 0 0 0 0 1 0 2 2 3 0 0 13 4 3 2 6 1 3 17 1 4 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 5 0 0 0 0 0 0 0 3 0 0 5 1 1 0 0 1 1 0 3 7 1 0 0 0 0 0 2 0 0 1 2 0 0 0 1 1 0 0 0 0 0 0 28 0 0 2 1 1 1 1
tunnels 0 0 1 11 2 0 0 0 0 1 9 1 11 0 0 2 0 0 2 2 1 7 1 1 2 2 13 0 0 0 0 0 1 0 7 0 1 1 14 7 0 8 3 21 1 0 0 1 0 0 5 0 1 0 0 0 0 2 0 0 0 1 0 0 1 0 0 0 1 2 0 0 4 0 0 0 0 0 37 1 0 0 0 0 0 0 4 1 0 5 5 0 0 0 0 1 4 5 5 0 0 0 0 0 0 4 0 0 0 0 1 0 5 4 2 1 1 7 2 0 1 0 57 23 0 22 8 10 3
uncertainty 0 0 1 13 2 0 1 0 1 2 6 3 9 4 1 2 1 5 0 5 4 3 1 1 2 1 17 0 2 1 3 0 2 2 7 2 1 4 9 6 1 8 6 16 0 0 0 0 0 0 9 0 3 0 0 0 0 3 0 0 0 1 0 0 1 0 0 1 1 1 0 1 7 0 0 0 0 1 33 3 1 0 1 0 1 0 3 4 0 3 2 0 1 0 0 3 1 9 17 0 0 0 1 0 0 13 0 0 1 0 4 1 9 2 4 3 0 18 4 0 4 0 23 78 2 18 7 9 4
unique 0 1 0 1 2 1 2 0 1 5 3 3 1 0 0 2 0 2 0 0 0 1 0 0 0 0 0 1 1 0 0 1 0 0 7 2 5 2 2 0 0 10 0 10 0 0 0 0 0 0 4 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 4 0 0 0 0 0 0 0 2 0 0 2 0 7 0 1 0 1 1 4 8 0 0 0 0 0 0 2 0 0 0 1 0 1 1 0 2 0 0 0 2 0 0 2 0 2 20 0 0 2 0
unstable 0 1 0 4 0 0 0 0 1 3 7 2 15 2 0 3 1 1 1 3 3 2 1 5 1 2 16 0 0 0 0 1 0 1 1 2 2 3 6 2 1 5 1 17 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 18 6 1 2 2 0 1 2 5 3 0 8 2 0 0 0 0 0 2 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 3 1 0 0 1 22 18 0 43 5 14 3
waste	ground 0 2 1 6 2 2 0 0 0 0 10 6 4 0 0 5 0 0 2 1 1 4 0 0 2 1 5 0 0 0 0 0 1 2 10 2 1 6 13 4 0 15 2 9 0 0 0 0 0 0 8 0 3 0 0 0 0 4 0 0 0 2 0 0 1 0 0 1 1 2 0 1 6 0 0 0 0 0 21 0 0 0 0 0 0 0 1 1 0 8 13 3 0 0 2 4 2 0 3 0 0 0 0 0 0 3 0 0 0 0 1 0 1 1 1 1 0 2 2 0 0 1 8 7 0 5 41 5 2
water 0 6 0 8 1 1 0 0 0 5 7 6 5 2 1 3 0 3 2 3 1 3 0 4 0 1 5 0 1 0 2 2 6 1 7 0 9 5 13 1 3 14 3 14 2 0 0 1 0 0 8 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 15 5 1 2 0 0 1 4 7 2 0 8 4 3 1 0 0 3 1 15 13 0 0 0 1 0 0 10 0 0 1 0 0 1 1 7 2 2 1 2 2 0 6 1 10 9 2 14 5 61 8
weather 0 5 0 4 0 0 1 0 0 1 4 3 2 0 0 0 0 0 2 0 0 0 0 2 2 0 1 0 0 1 0 0 0 1 5 0 0 3 3 1 0 7 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 5 0 0 1 3 1 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 1 0 0 1 2 0 1 1 3 4 0 3 2 8 19
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3D	thinking 5 0 3 0 0 0 1 0 2 0 0 0 0 0 0 1 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0 1 3 0 0 0 0 0 0 2 2 0 0 0 0 0 1 0 1 1 2 0 0 0 1 1 0 0 0 0 0
agriculture 0 12 0 0 1 0 0 0 1 4 3 0 0 0 3 1 4 1 0 0 0 0 1 0 0 0 1 0 0 1 2 1 0 4 0 0 3 1 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 4 0 0 0 0 0 3 0 0 2 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 2 1 0 1 0 1 0 0 1 0 0 1 0
angled	deposits 3 0 3 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 0 0 0
anthropocentric 0 0 0 9 0 0 0 1 0 0 0 0 0 0 1 0 1 2 0 3 0 0 3 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 2 1 1 1 1 3 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
attractive	or	beauty 0 1 0 0 13 0 1 0 4 3 3 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 1 1 1 5 0 0 9 0 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 4 0 1 1 0 0 5 1 2 0 0 0 0 1 0 2 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 5 0 1 4 0 1 2 0
awe	and	wonder 0 0 0 0 0 9 0 1 2 1 1 0 0 0 0 1 1 0 0 1 0 0 0 1 3 0 1 0 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 2 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0
china	clay 1 0 1 0 1 0 23 0 1 0 2 0 0 2 5 4 1 0 1 3 0 0 0 0 0 0 0 0 0 0 1 4 1 8 2 1 7 4 8 0 0 0 0 0 5 0 1 0 0 0 0 0 0 0 0 0 2 0 1 0 3 0 1 0 0 0 5 1 0 1 0 0 1 0 1 0 1 0 4 0 3 6 0 1 0 3 0 0 5 3 1 1 0 1 0 1 0 1 1 1 0 0 1 0 3 1 0 1 0 1
coal 0 0 0 1 0 1 0 11 0 1 2 0 0 0 1 0 1 1 0 0 0 0 2 0 1 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 0 6 1 0 0 0 2 0 0 1 1 2 1 1 0 0 0 0 0 0 0 0 0 6 0 0 0 1 0 4 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 1 0 1 0
coast 2 1 1 0 4 2 1 0 15 1 2 1 0 0 1 1 0 0 0 2 0 0 1 0 0 0 0 0 0 2 3 0 0 1 0 0 7 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 2 0 0 4 0 2 1 0 0 1 0 0 4 0 0 0 0 0 0 2 1 0 1 0 0 0 2 0 0 0 2 0 0 2 0 0 5 1 0 1 0
community 0 4 0 0 3 1 0 1 1 65 27 4 0 0 10 0 15 3 0 0 0 1 19 1 2 0 0 0 0 3 18 8 12 21 5 0 14 0 29 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 2 0 0 0 25 1 0 5 1 0 25 3 3 4 1 1 3 4 1 8 0 1 0 2 0 0 5 0 0 0 0 0 0 3 2 0 0 0 0 0 3 1 1 1 2 0 3 0
culture 0 3 0 0 3 1 2 2 2 27 47 5 0 3 13 0 9 0 1 0 0 1 15 0 2 0 0 0 0 3 16 7 13 13 0 0 12 0 15 0 0 0 0 0 7 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 16 1 0 5 0 0 14 1 2 1 1 1 5 1 1 7 0 0 0 1 0 0 6 0 0 0 0 0 0 2 0 0 0 0 0 0 4 0 2 4 3 1 0 1
dangerous 0 0 0 0 0 0 0 0 1 4 5 30 0 2 2 0 2 0 0 1 0 1 7 0 0 0 0 0 0 8 10 1 3 8 1 0 5 0 19 0 0 0 0 0 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 7 3 1 1 0 0 7 5 0 0 4 0 1 0 2 5 0 0 0 1 0 0 4 1 0 0 0 1 0 2 0 0 0 0 0 0 0 2 3 0 5 1 4 1
deep	earth 0 0 0 0 0 0 0 0 0 0 0 0 11 1 0 3 0 0 0 0 0 0 2 0 0 0 0 0 1 0 1 0 0 1 0 1 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 2 5 0 0 0 0 0 0 3 0 0 0 0 0 0 4 0 1 1 0 0 5 0 1 4 1 1 0 1 0
detail 0 0 0 0 0 0 2 0 0 0 3 2 1 9 3 2 1 0 1 0 0 0 1 0 0 0 0 0 0 0 2 2 0 1 0 0 1 0 3 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 2 0 0 0 0 0 0 0 0 3 0 1 4 0 1 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 1 1 0 0
economy 0 3 0 1 1 0 5 1 1 10 13 2 0 3 42 3 6 0 1 0 0 0 12 0 0 0 0 0 0 1 8 9 3 19 1 0 9 0 10 0 0 0 0 0 14 1 0 0 0 1 0 0 0 0 1 0 2 0 1 0 2 0 9 0 1 0 16 0 0 3 0 0 8 0 1 1 0 4 9 1 0 6 0 0 0 1 0 0 3 2 0 0 0 1 0 1 0 0 0 0 2 0 4 0 2 2 2 3 1 1
emplacement	of	rock 1 1 1 0 0 1 4 0 1 0 0 0 3 2 3 17 0 0 0 2 0 1 0 1 0 0 1 0 0 0 2 1 0 2 0 0 5 2 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 1 3 0 0 0 0 0 2 0 0 1 0 7 9 1 0 0 1 0 0 4 2 0 1 0 0 0 0 0 1 1 2 1 1 1 0 3 1 0 0 0 0
employment 0 4 0 1 0 1 1 1 0 15 9 2 0 1 6 0 33 3 0 0 0 1 5 0 1 0 0 0 0 2 5 4 2 6 0 0 2 1 10 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 8 2 0 6 2 1 17 2 1 1 1 0 4 1 0 5 0 1 0 3 0 0 1 2 0 0 0 1 0 1 2 1 0 0 1 0 1 1 0 0 1 1 2 1
energy 0 1 0 2 0 0 0 1 0 3 0 0 0 0 0 0 3 11 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 2 1 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 3 1 3 1 0 1 0 0 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
engine	houses 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
erosion 2 0 1 3 0 1 3 0 2 0 0 1 0 0 0 2 0 0 0 15 0 0 1 1 1 0 0 0 0 0 1 0 0 1 1 0 4 2 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 2 0 1 1 0 0 0 0 0 0 0 0 5 3 0 0 0 1 0 0 2 2 1 1 0 0 0 0 0 1 1 2 0 0 1 1 3 1 4 0 1 3
expert	view 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
faults	and	fracturing 1 0 1 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 0 0 8 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 4 0 0 0 0 1 1 0 0 0 0 0 0 2 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 2 0 1 0
fear 0 1 0 3 3 0 0 2 1 19 15 7 2 1 12 0 5 1 0 1 0 1 65 0 0 0 0 0 0 2 9 5 8 16 0 1 17 1 24 0 0 0 0 0 13 0 2 0 0 1 1 0 0 1 0 1 0 0 0 0 3 0 5 0 0 0 35 3 1 5 1 0 23 6 0 1 2 0 2 1 2 4 0 0 0 1 0 0 2 1 0 0 0 0 0 7 3 1 1 0 0 2 3 4 11 0 7 2 15 2
folding 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
fossil 0 0 0 0 0 3 0 1 0 2 2 0 0 0 0 0 1 0 0 1 0 0 0 0 6 0 2 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
geography 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
geological	age 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 5 1 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 0
geomorphology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
geothermal 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0
health 0 1 0 0 1 0 0 0 2 3 3 8 0 0 1 0 2 0 0 0 0 0 2 0 0 0 0 0 0 9 6 0 1 2 0 0 1 0 5 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0 0 0 0 3 2 0 0 2 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0
heritage 0 2 0 1 1 1 1 1 3 18 16 10 1 2 8 2 5 0 2 1 0 1 9 0 0 0 0 1 0 6 61 5 9 20 7 0 10 0 22 0 0 0 0 0 16 1 2 0 0 1 0 0 0 0 0 0 2 0 1 0 4 0 3 0 0 0 21 3 0 4 0 0 14 4 2 4 2 0 5 0 1 8 0 0 0 1 0 0 6 3 0 0 0 0 0 2 0 0 0 0 1 0 6 1 1 2 2 0 3 0
human	benefit 0 1 0 1 1 0 4 0 0 8 7 1 0 2 9 1 4 1 1 0 0 0 5 0 0 0 0 0 0 0 5 21 0 13 0 0 6 0 4 0 0 0 0 0 6 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 5 0 0 2 0 0 2 0 0 1 0 0 5 1 1 2 0 1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 2 1 0 1 2 0
identity 0 0 0 0 1 1 1 0 0 12 13 3 0 0 3 0 2 0 0 0 0 0 8 0 0 1 0 0 0 1 9 0 28 8 3 0 6 0 10 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 13 1 0 3 0 0 14 0 2 1 0 0 1 0 0 5 0 1 0 1 0 0 1 2 0 1 0 0 0 2 1 1 0 0 0 0 1 0 1 1 2 0 1 1
industry 1 4 1 0 5 0 8 1 1 21 13 8 1 1 19 2 6 2 0 1 0 1 16 0 0 0 0 0 0 2 20 13 8 81 5 1 19 2 32 0 0 0 0 0 24 2 2 0 0 1 0 0 0 0 2 0 3 0 2 0 4 0 10 0 0 0 34 2 0 6 0 0 17 3 2 6 0 2 14 3 2 11 0 2 0 4 0 0 5 3 0 0 0 2 0 7 0 0 0 0 2 1 6 2 6 3 4 3 6 2
information 0 0 0 0 0 0 2 0 0 5 0 1 0 0 1 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 7 0 3 5 28 1 3 1 6 0 0 0 0 0 5 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 2 0 3 0 0 0 6 2 0 1 0 0 10 0 1 1 0 0 2 0 0 3 0 0 0 1 0 0 2 0 0 0 0 1 0 3 0 0 0 0 1 0 1 1 0 0 1 0 1 0
interpretation 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 5 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0
landscape 1 3 0 1 9 1 7 1 7 14 12 5 0 1 9 5 2 1 1 4 0 0 17 1 1 1 3 2 0 1 10 6 6 19 3 1 83 3 28 0 0 0 0 0 15 2 1 0 0 0 1 0 0 0 1 0 1 0 2 0 2 0 5 0 0 0 27 3 1 10 1 1 21 2 6 6 0 0 3 3 8 16 0 2 0 1 0 0 8 6 0 2 0 1 0 5 1 2 1 5 1 0 5 0 7 6 2 3 10 0
layers 2 1 2 0 0 1 4 1 1 0 0 0 2 0 0 2 1 0 0 2 0 1 1 0 1 0 1 0 0 0 0 0 0 2 1 2 3 18 3 0 0 0 0 0 8 0 0 0 0 1 0 0 0 0 0 0 0 0 3 0 1 0 3 0 0 0 3 3 0 1 0 0 3 0 0 1 0 0 1 0 6 7 0 0 0 5 0 0 5 1 1 1 0 0 0 1 0 4 3 1 3 1 0 1 1 0 1 0 2 1
local	knowledge 0 1 0 1 3 0 8 0 1 29 15 19 0 3 10 2 10 3 1 2 0 3 24 1 0 0 0 0 0 5 22 4 10 32 6 0 28 3 109 1 0 0 0 1 25 1 6 0 0 1 0 0 1 0 0 0 2 0 3 0 6 0 7 1 0 0 41 5 1 12 2 2 42 9 4 2 7 0 8 4 8 27 0 2 0 7 0 0 18 6 0 2 0 2 1 3 0 1 0 0 2 1 2 1 8 3 5 2 18 1
local	term 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
culm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
elvan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
killas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
schillet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
minerals 2 4 1 1 1 0 5 6 1 4 7 3 1 1 14 2 1 0 1 1 0 3 13 0 0 0 1 0 0 3 16 6 2 24 5 2 15 8 25 0 0 0 0 0 85 4 9 0 0 6 1 0 5 1 6 1 7 0 6 2 20 0 29 1 1 0 38 2 1 4 1 0 18 3 2 2 0 1 14 0 12 18 0 2 0 7 0 0 11 6 0 0 0 1 0 2 0 2 1 0 6 0 2 1 6 6 1 1 7 0
aluminium 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 2 0 1 0 0 0 0 0 4 4 0 0 0 0 0 0 0 0 3 0 1 0 3 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
arsenic 0 0 0 0 0 0 1 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 2 1 0 2 0 0 1 0 6 0 0 0 0 0 9 0 9 0 0 1 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 2 0
calcite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chalcopyrite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
copper 0 0 0 0 0 0 0 2 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 6 0 1 0 0 6 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 5 0 0 0 0 0 2 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
diamond 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fluorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gold 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 5 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0
gypsum 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iron 1 0 0 0 0 0 0 2 0 1 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 6 3 0 0 0 0 0 0 0 0 6 0 2 0 3 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 4 0 1 2 0 1 0 1 0 0 0 2 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
magnetite 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ore	(various	or	undefined) 1 1 0 0 0 0 2 1 0 1 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 1 0 3 0 0 1 0 2 0 0 0 0 0 7 1 1 0 0 0 0 0 0 0 2 0 7 0 0 0 1 0 1 0 1 0 4 0 1 0 1 0 0 0 1 0 0 1 3 0 2 3 0 1 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0
quartz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
silica 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 2 3 3 0 0 0 0 0 6 3 0 0 0 0 0 0 0 0 3 0 0 0 9 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 0 0 0 3 0 1 6 0 1 0 6 0 0 2 1 0 0 0 1 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0
silver 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tin 0 0 0 0 0 0 3 0 0 0 0 1 1 0 2 1 0 0 1 0 0 1 3 0 0 0 0 0 0 1 4 0 1 4 2 1 2 1 6 0 0 0 0 0 20 0 2 0 0 2 0 0 0 0 0 0 1 0 0 2 20 0 4 0 0 0 15 1 0 0 0 0 3 3 1 0 0 1 3 0 1 5 0 0 0 3 0 0 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 3 0 1 2 0
tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tungsten 0 1 0 1 1 0 1 0 1 2 2 0 0 0 9 0 0 0 0 0 0 1 5 0 0 0 0 0 0 1 3 2 0 10 3 2 5 3 7 0 0 0 0 0 29 0 0 0 0 1 0 0 2 0 0 0 1 0 0 2 4 0 29 0 1 0 14 2 0 2 0 0 7 0 0 0 0 0 5 0 6 6 0 0 0 2 0 0 4 0 0 0 0 0 0 2 0 0 0 0 2 0 1 0 2 1 0 0 2 0
uranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
wolframite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
zinc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mining 1 4 1 2 4 1 5 6 1 25 16 7 0 1 16 0 8 2 2 0 0 2 35 0 1 0 0 0 0 2 21 5 13 34 6 0 27 3 41 1 0 0 0 1 38 0 4 0 0 5 0 0 1 1 0 1 4 0 0 1 15 0 14 0 0 0 114 2 0 8 1 0 36 3 4 1 0 1 8 2 4 11 0 1 0 2 0 0 7 3 0 0 0 0 1 8 3 0 0 0 2 0 3 3 6 5 2 4 13 0
natural	hazards 0 0 0 2 0 0 1 0 1 1 1 3 3 1 0 1 2 0 0 2 0 4 3 0 0 2 0 0 0 1 3 0 1 2 2 3 3 3 5 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 2 33 2 4 1 2 13 0 0 0 0 0 1 0 7 8 0 2 0 3 0 0 5 2 0 0 0 0 0 1 0 2 1 2 1 1 0 0 4 1 3 0 9 0
natural	movement 1 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 2 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 10 3 1 0 3 0 0 0 2 0 0 0 4 3 0 0 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 2 0 1 0 1 0
observed 0 0 0 1 1 1 1 0 2 5 5 1 0 2 3 3 6 1 0 0 0 0 5 0 0 0 0 0 0 0 4 2 3 6 1 0 10 1 12 0 0 0 0 0 4 1 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 2 0 0 0 8 4 3 33 1 1 20 0 0 1 0 0 3 1 4 9 0 0 0 3 0 0 4 1 0 1 0 0 0 3 3 0 0 1 0 0 1 1 3 1 1 1 5 0
oil	and	gas 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 2 3 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 6 0 1 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
peat 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 4 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0
personal	connection 0 3 0 3 5 2 1 4 4 25 14 7 0 0 8 0 17 3 0 0 0 1 23 1 1 2 0 0 0 3 14 2 14 17 10 1 21 3 42 0 0 0 0 0 18 0 1 0 0 2 0 0 4 1 1 1 0 0 3 0 3 0 7 0 0 0 36 13 3 20 1 2 112 3 5 3 3 1 2 2 4 21 0 2 0 8 0 0 7 7 0 1 0 2 0 7 4 8 0 2 2 0 4 3 6 1 1 0 12 1
pollution 0 0 0 0 1 0 0 0 0 3 1 5 0 0 0 0 2 1 0 0 0 1 6 0 0 0 0 0 0 2 4 0 0 3 0 0 2 0 9 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 0 0 0 1 0 3 11 0 0 2 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 3 0
pride 0 0 0 0 2 0 1 0 2 3 2 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 2 2 1 0 6 0 4 0 0 0 0 0 2 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 5 0 13 1 0 1 1 0 1 7 0 1 0 2 0 0 6 1 0 1 0 0 0 0 1 1 0 0 0 0 1 0 0 5 0 0 1 0
quarrying 1 2 0 0 0 1 0 0 1 4 1 0 0 0 1 2 1 1 0 0 0 0 1 1 1 0 1 0 0 0 4 1 1 6 1 0 6 1 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 3 0 1 14 0 1 1 0 2 6 0 1 0 2 0 0 3 0 0 0 0 0 0 3 0 1 1 1 1 0 1 0 1 0 0 0 1 0
radon 0 0 0 0 0 0 1 0 0 1 1 4 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 3 2 0 0 9 0 0 0 2 6 0 0 0 2 0 0 6 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0
recycling 0 0 0 0 0 0 0 0 0 1 1 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 4 2 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0
resources 1 1 0 2 0 0 4 2 1 3 5 1 0 3 9 1 4 2 1 0 0 0 2 0 0 0 0 0 0 1 5 5 1 14 2 0 3 1 8 0 0 0 0 0 14 4 1 0 0 1 0 0 0 0 4 0 3 0 3 1 3 0 5 0 0 0 8 1 0 3 1 0 2 0 1 1 0 2 33 1 1 7 0 0 0 3 0 0 4 0 0 0 0 1 0 3 0 0 0 1 1 0 0 0 2 2 0 3 1 0
responsiblity 0 0 0 0 1 0 0 0 0 4 1 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 3 0 0 3 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 2 0 0 0 0 0 1 6 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0
rock	structure 1 1 0 1 0 0 3 1 0 1 1 2 2 1 0 7 0 0 0 5 0 2 2 1 0 0 1 0 0 0 1 1 0 2 0 1 8 6 8 1 0 0 0 0 12 0 1 0 0 1 0 0 0 0 1 0 2 0 1 0 1 0 6 0 0 0 4 7 4 4 1 0 4 1 1 2 2 0 1 0 43 21 1 1 0 6 0 0 15 5 2 2 0 1 1 1 0 5 5 4 4 2 0 0 6 0 4 1 3 1
rock	types 3 1 1 0 2 1 6 1 4 8 7 5 5 4 6 9 5 1 0 3 0 2 4 0 1 1 0 0 0 1 8 2 5 11 3 1 16 7 27 2 0 0 0 1 18 0 0 0 0 0 0 0 0 0 2 0 3 0 6 2 5 0 6 1 1 0 11 8 3 9 1 1 21 1 7 6 6 1 7 1 21 101 2 6 0 31 0 0 59 21 2 5 0 5 2 8 3 7 4 9 6 1 1 2 14 6 3 3 9 1
basalt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
chalk 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 2 0 0 2 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 2 0 1 1 0 0 0 0 1 6 0 6 0 1 0 0 2 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
chert	or	flint 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
clay 0 1 0 0 0 1 3 0 0 2 1 1 0 0 1 1 3 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 1 4 1 1 1 5 7 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 1 0 0 0 6 2 3 0 2 0 0 0 2 3 0 3 0 0 8 1 2 2 2 0 3 1 6 31 0 1 0 31 0 0 9 2 2 1 0 2 0 3 0 6 3 3 2 0 0 0 1 0 2 2 5 1
conglomerate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dolerite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
granite 2 0 1 0 1 0 5 1 2 5 6 4 3 3 3 4 1 0 0 2 0 1 2 0 0 0 0 0 0 1 6 1 1 5 2 1 8 5 18 2 0 0 0 1 11 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 2 0 4 1 1 0 7 5 2 4 1 0 7 1 6 3 6 1 4 0 15 59 1 2 0 9 0 0 59 10 1 2 0 2 2 4 2 3 3 5 5 0 0 1 10 5 2 1 3 1
limestone 2 0 1 0 0 0 3 1 1 0 0 1 0 2 2 2 2 0 0 2 0 0 1 0 0 1 0 0 0 0 3 1 2 3 0 0 6 1 6 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 2 0 2 0 1 0 1 0 0 0 0 0 3 2 1 1 0 0 7 0 1 0 0 0 0 0 5 21 1 4 0 2 0 0 10 21 1 1 0 2 0 1 1 2 2 0 1 0 1 1 4 0 1 0 0 1
mudstone 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 2 0 0 1 1 2 1 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1
sandstone 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 2 5 0 0 0 1 0 0 2 1 1 5 0 0 0 0 1 1 1 0 0 0 0 0 1 2 0 0 1 1
serpentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
shale 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 1 0 1 0 1 5 0 1 0 2 0 0 2 2 1 0 0 5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0
slate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
scale 1 1 0 0 1 0 1 0 2 3 2 2 4 0 1 0 1 0 0 0 0 0 7 0 0 0 0 0 1 2 2 0 2 7 3 2 5 1 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 0 8 1 0 3 0 0 7 0 0 3 1 0 3 0 1 8 0 0 0 3 0 0 4 1 0 0 0 0 0 30 0 1 1 1 0 4 1 3 4 1 1 0 4 0
sensory	experience	or	feeling0 0 0 0 1 0 0 1 0 2 0 0 0 0 0 0 2 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 4 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 2 1 0 1 0 0 0 0 6 0 0 0 0 0 0 2 0 1 0 0 1 0
soil 1 2 1 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 2 4 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 8 0 1 1 0 0 0 0 5 7 0 0 0 6 0 0 3 2 1 1 0 0 0 1 0 20 7 0 1 1 0 0 2 0 1 0 1 1
soil-rock	boundary 1 1 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 5 4 0 0 0 3 0 0 3 2 1 1 0 0 0 1 0 7 8 0 2 1 0 0 1 0 0 0 1 1
surface-subsurface	relationship2 0 1 0 0 0 1 0 2 0 0 0 0 0 0 2 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 2 0 0 1 1 0 1 0 4 9 1 0 0 3 0 0 5 0 1 0 0 1 0 1 0 0 0 13 1 0 0 0 3 0 0 0 2 0
technical	term 0 1 0 0 0 0 0 0 0 0 0 0 0 1 2 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 2 1 0 1 3 2 1 0 0 0 0 6 1 0 0 0 0 0 0 1 0 1 0 1 0 2 0 0 0 2 0 1 0 2 1 0 0 0 0 2 0 0 1 0 0 1 0 4 6 0 0 0 2 0 0 5 1 0 0 0 0 0 0 0 1 2 1 10 0 0 0 1 0 1 0 1 1
temperature 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 1 1 0 0 7 0 1 2 0 2 0 2 0
tourism 0 1 0 1 5 1 1 1 2 3 4 0 0 0 4 1 1 0 0 1 0 0 3 1 0 0 0 0 0 1 6 1 1 6 1 0 5 0 2 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 1 0 0 4 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 15 0 1 2 0 0 1 0
tunnels 1 0 1 0 0 0 0 1 0 1 0 2 1 0 0 0 1 0 0 1 0 1 4 0 0 0 0 0 0 0 1 0 0 2 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 3 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 1 0 0 0 0 0 3 2 0 0 0 0 1 0 8 3 0 2 0 3 0
uncertainty 1 0 1 1 1 2 3 1 0 1 2 3 4 2 2 3 0 1 0 3 0 1 11 1 1 0 1 0 0 0 1 2 1 6 0 0 7 1 8 0 0 0 0 0 6 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 2 0 0 0 6 4 2 3 0 1 6 0 0 1 1 0 2 0 6 14 0 1 0 1 0 0 10 4 0 1 0 0 0 4 0 2 1 3 1 2 1 3 36 1 5 1 5 2
unique 0 1 0 0 4 0 1 0 5 1 4 0 1 0 2 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 2 1 1 3 0 0 6 0 3 1 0 0 0 1 6 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 5 1 0 1 1 0 1 0 5 0 0 0 2 0 0 6 0 0 0 0 0 0 5 0 0 2 0 0 1 1 1 0 0 0 0 0 2 0 1 16 0 0 0 0
unstable 0 0 0 0 0 0 0 1 1 2 3 5 1 1 2 0 1 0 0 4 0 2 7 0 0 0 0 0 0 0 2 0 2 4 1 0 2 1 5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 1 1 0 0 1 0 0 0 0 0 0 0 4 3 0 0 0 2 0 0 2 1 0 0 0 0 0 1 0 1 0 0 1 2 0 2 5 0 18 0 5 3
waste	ground 0 0 0 0 1 0 1 0 0 0 1 1 0 1 3 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 3 0 0 3 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 4 0 0 1 0 0 0 1 0 0 0 2 3 0 1 3 0 1 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 12 0 0
water 0 1 0 0 2 0 0 1 1 3 0 4 1 0 1 0 2 0 0 1 0 1 15 1 0 1 0 0 1 0 3 2 1 6 1 0 10 2 18 0 0 0 0 0 7 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 13 9 1 5 0 1 12 3 1 1 1 0 1 1 3 9 0 0 0 5 0 0 3 0 1 1 0 1 0 4 1 1 1 2 1 2 1 3 5 0 5 0 45 1
weather 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 1 0 0 3 0 0 2 0 0 0 0 0 0 0 0 0 1 2 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 1 1 0 1 0 0 0 2 0 3 0 1 6
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Chulmleigh	Non-Expert	Interview	Node	Correlation	
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3D	thinking 5 1 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 0 1 0 0 0 1 3 3 0 1 2 0 0 0 0 1 1 0 0 0 1 0
agriculture 1 40 0 6 6 1 1 0 0 0 1 6 4 0 0 0 0 1 1 2 1 0 0 0 1 1 0 0 0 1 1 0 0 0 10 5 6 0 8 2 3 21 3 12 1 0 0 0 1 0 4 0 0 0 0 0 0 1 0 1 0 1 0 2 0 0 1 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 0 0 0 1 3 4 0 0 9 0 1 0 2 2 0 0 0 7 18 0 1 2 3 0 0 3 0 0 1 0 1 1 4 6 17 1 3 6 0 0 1 3 4 4 2 4 1 13 3
angled	deposits 0 0 2 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1
anthropocentric 1 6 0 21 1 0 2 0 0 0 4 2 2 2 2 2 0 0 0 0 2 2 0 1 4 0 0 0 2 0 1 0 0 0 3 4 1 2 2 4 2 7 1 5 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 4 2 0 1 0 2 1 0 1 1 0 0 0 1 3 5 0 0 0 1 0 0 0 0 0 1 0 0 0 0 2 8 0 0 1 0 0 0 0 0 2 1 1 1 1 0
artificial	vs	natural 0 6 1 1 13 3 0 0 0 0 3 3 2 2 0 0 1 1 0 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0 6 2 2 2 5 0 0 7 1 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 3 1 1 2 4 0 0 1 2 2 5 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 3 0 0 0 0 0 0 2 0 1 4 1 2 2 1
attractive	or	beauty 0 1 1 0 3 12 2 0 0 0 6 3 2 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 2 1 0 5 0 2 1 2 0 0 5 1 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 4 0 2 0 0 0 3 1
awe	and	wonder 1 1 0 2 0 2 12 0 0 0 3 0 0 0 0 0 0 1 2 0 0 0 0 0 2 0 0 0 2 1 4 3 0 0 0 1 0 2 0 3 3 8 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 3 0 0 0 0 1 0 0 0 0 0 0 0 0 1 3 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 1 0 0 0 0 0 1 0 1 0 0 1
china	clay 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
climate	change 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 2
coal 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 0 3 0 0 2 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 0 1 0 0 0 0 1 0 0 2 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
coast 0 1 1 4 3 6 3 0 0 0 24 2 2 3 0 0 0 0 1 0 2 2 0 3 12 0 0 0 4 1 1 3 0 0 4 2 1 1 2 2 1 9 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 1 0 0 1 3 1 0 1 0 6 1 1 1 2 0 0 0 1 8 4 0 1 0 0 0 0 1 0 0 1 0 0 0 0 2 1 0 0 0 0 0 0 5 0 0 2 6 1 2 3
community 0 6 0 2 3 3 0 0 0 0 2 26 14 4 0 1 1 0 0 1 2 2 0 1 1 0 0 0 2 1 0 0 0 0 10 8 5 2 8 3 0 10 0 11 1 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 3 3 0 0 1 0 0 0 7 2 1 0 1 1 0 2 3 0 0 4 2 2 7 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 2 0 0 0 3 1 3 1 2 1 2 1
culture 0 4 0 2 2 2 0 0 0 0 2 14 19 2 0 1 1 0 0 0 2 2 0 2 2 0 0 0 2 1 0 0 0 0 10 4 5 3 5 1 0 10 0 8 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 1 0 0 0 4 2 0 0 2 1 0 2 2 0 0 3 2 0 5 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 2 0 0 0 4 1 3 1 1 1 0 1
dangerous 0 0 0 2 2 1 0 0 0 0 3 4 2 15 1 0 2 0 0 0 3 3 0 1 3 0 0 0 2 0 0 0 0 2 3 1 2 2 2 3 0 3 0 7 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 6 2 0 0 0 0 0 1 5 0 0 0 1 1 0 2 2 2 0 2 2 3 4 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 0 0 0 2 0 0 0 1 3 1 1 5 1 1 0
deep	earth 2 0 0 2 0 0 0 0 0 0 0 0 0 1 17 2 0 0 2 0 3 3 0 1 0 1 1 0 0 1 0 1 0 0 0 0 1 0 1 2 2 3 6 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 3 0 0 0 1 5 2 0 1 0 1 0 0 0 0 0 0 1 1 14 7 0 0 0 1 0 0 1 0 0 2 0 0 0 4 9 4 3 1 3 1 0 3 0 1 4 0 3 0 1 0
detail 0 0 0 2 0 1 0 0 1 0 0 1 1 0 2 7 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 1 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 1 0 1 0 0 2 0 0 0 0 1
economy 0 0 0 0 1 1 0 0 0 0 0 1 1 2 0 0 4 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 2 0 2 1 2 1 0 1 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
education 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 1 0 0 0 0 2 0 3 0 0 0 2 1 0 1 1 2 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 2 0 0 0 0 0 1 0 1 0 0 0 1 1 0
emplacement	of	rock 0 1 0 0 0 0 2 0 0 0 1 0 0 0 2 0 0 0 9 0 0 0 0 0 0 0 2 0 0 2 3 1 0 0 0 0 0 0 0 1 3 5 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 1 1 1 0 0 0 0 0 0 0 0 0 0 6 5 0 2 0 0 0 0 2 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 1 1 0 2 1 0 2 0
employment 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0
energy 0 1 0 2 0 1 0 0 0 0 2 2 2 3 3 0 1 0 0 0 15 14 0 1 2 0 0 0 0 0 0 0 1 0 1 2 3 1 3 6 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 1 7 0 3 0 4 0 0 0 1 0 0 4 2 3 4 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 1 2 0 0 0 0 2 5 0 3 0 3 0
fracking 0 0 0 2 0 0 0 0 0 0 2 2 2 3 3 0 1 0 0 0 14 14 0 1 2 0 0 0 0 0 0 0 0 0 0 1 3 1 3 6 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 1 7 0 3 0 3 0 0 0 0 0 0 3 2 3 3 0 0 0 0 0 0 0 0 0 0 0 2 0 0 3 0 0 1 2 0 0 0 0 2 3 0 3 0 1 0
engine	houses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
engineering 0 0 0 1 2 0 0 0 0 0 3 1 2 1 1 0 0 1 0 0 1 1 0 5 3 0 0 0 0 0 0 0 0 0 2 1 2 1 2 1 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 3 1 1 1 2 0 0 0 2 2 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 2 2 0 0
erosion 0 1 0 4 1 1 2 0 0 0 12 1 2 3 0 0 0 0 0 0 2 2 0 3 16 0 0 0 2 0 0 1 0 0 1 3 2 1 1 2 0 10 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 1 0 0 0 3 2 0 1 0 4 1 2 1 1 0 0 0 1 5 5 0 0 0 2 0 0 1 0 0 2 0 0 1 1 1 1 0 0 1 0 0 0 1 0 3 2 5 1 2 0
expert	view 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 2 0 1 0 0 1 0 0 0 0 0
faults	and	fracturing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 1 1 0 1 1 0 1 0 1 1 0 0 0 1 0
folding 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
fossil 0 0 0 2 1 1 2 0 1 0 4 2 2 2 0 1 1 2 0 0 0 0 0 0 2 0 0 0 12 0 3 0 0 0 2 4 1 2 1 2 2 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 0 0 1 0 1 1 1 1 0 0 2 0 0 1 0 0 0 1 0 2 1 0 0 0 1 0 0 1 0 0 1 0 0 1 0 2 1 0 0 1 0 0 0 3 0 3 1 1 0 0 2
geography 0 1 0 0 0 0 1 0 0 1 1 1 1 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 8 2 1 0 0 0 0 1 0 1 1 1 5 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 3 4 0 2 0 0 0 0 1 0 0 1 0 0 0 1 1 2 0 0 2 1 0 0 0 0 2 0 1 0 0 0
geological	age 0 1 1 1 0 0 4 0 0 0 1 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 1 0 3 2 13 1 0 0 0 2 1 1 0 4 5 7 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 2 5 0 2 0 0 0 1 0 0 0 0 0 0 0 4 6 0 1 0 0 0 0 4 0 0 1 0 0 0 2 4 3 0 0 1 1 0 1 1 1 2 1 1 0 1 1
geomorphology 0 0 0 0 0 2 3 0 0 0 3 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 1 6 0 0 0 0 0 0 0 0 1 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0
geothermal 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
health 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
heritage 0 10 0 3 6 5 0 1 0 1 4 10 10 3 0 0 2 2 0 0 1 0 0 2 1 0 0 0 2 0 0 0 0 1 42 12 3 2 11 4 2 16 1 13 1 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 1 0 0 0 4 1 0 0 1 0 0 0 1 4 0 0 6 1 1 2 6 0 2 1 3 3 9 1 0 2 2 0 0 0 0 0 1 0 1 0 0 5 2 0 1 3 0 0 0 8 1 3 3 1 3 5 2
history 0 5 0 4 2 0 1 1 0 0 2 8 4 1 0 0 0 1 0 0 2 1 0 1 3 0 0 0 4 0 2 0 0 0 12 19 1 1 5 3 0 9 1 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 1 1 0 3 1 0 1 3 0 0 0 1 2 6 0 0 1 2 0 0 1 0 0 2 0 1 1 0 2 2 0 1 3 0 0 0 1 0 3 3 0 2 2 1
human	benefit 0 6 0 1 2 2 0 1 0 2 1 5 5 2 1 1 2 0 0 0 3 3 0 2 2 0 0 0 1 1 1 0 0 0 3 1 22 1 7 2 0 8 0 5 1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 2 1 1 0 0 0 0 2 2 2 0 5 0 1 1 1 0 1 4 0 2 5 0 0 0 0 0 0 2 0 0 1 0 2 2 0 2 3 0 2 1 0 0 0 2 0 3 0 1 0 5 0
identity 1 0 0 2 2 1 2 0 1 0 1 2 3 2 0 0 1 1 0 0 1 1 0 1 1 0 0 0 2 0 1 0 0 0 2 1 1 7 2 2 1 4 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 3 1 0 2 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 1 0 0 2 0 0 0 1 0 1 1 0 1 0 1
industry 0 8 1 2 5 2 0 1 0 3 2 8 5 2 1 1 2 1 0 1 3 3 0 2 1 0 0 0 1 1 0 0 0 0 11 5 7 2 27 0 1 11 1 7 0 0 0 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 4 1 0 0 0 0 1 1 2 2 2 0 1 1 1 2 9 0 1 4 2 5 15 0 1 1 3 0 0 2 0 0 3 0 2 3 2 5 1 0 1 3 0 0 0 1 0 5 1 0 2 3 1
information 0 2 1 4 0 0 3 0 2 0 2 3 1 3 2 1 1 2 1 0 6 6 0 1 2 1 0 0 2 1 4 0 0 0 4 3 2 2 0 34 3 6 1 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 4 3 1 1 0 0 0 3 4 1 0 0 4 0 0 0 0 0 0 1 1 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 3 1 0 0 0 2 3 0 4 0 1 3
interpretation 0 3 0 2 0 0 3 0 1 0 1 0 0 0 2 2 0 1 3 0 0 0 0 0 0 0 0 0 2 1 5 1 0 0 2 0 0 1 1 3 11 5 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 0 0 1 1 0 0 0 0 0 0 0 2 4 0 1 1 2 0 0 2 0 0 1 0 0 0 0 3 1 0 0 0 0 0 0 1 0 3 1 1 0 1 2
landscape 3 21 1 7 7 5 8 0 0 2 9 10 10 3 3 1 1 3 5 3 0 0 0 3 10 1 0 0 5 5 7 5 0 0 16 9 8 4 11 6 5 77 6 24 2 0 0 0 1 0 5 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 1 0 0 0 6 7 0 4 1 0 1 6 6 8 1 0 12 2 4 2 5 2 0 2 2 16 27 0 4 0 2 0 0 5 0 0 4 0 0 2 4 7 19 3 5 13 1 0 2 7 3 6 6 8 2 16 5
layers 1 3 2 1 1 1 0 0 0 0 2 0 0 0 6 2 0 1 0 0 1 1 0 0 1 0 0 0 0 1 3 1 0 0 1 1 0 0 1 1 2 6 24 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 1 0 0 0 4 0 2 1 0 1 0 0 0 1 0 0 0 0 14 14 0 0 0 3 0 0 3 0 0 3 0 0 0 7 7 12 5 3 6 0 0 2 0 2 6 0 1 0 10 1
local	knowledge 1 12 0 5 3 1 2 0 0 1 3 11 8 7 0 1 1 0 1 1 1 1 0 1 2 1 1 0 0 1 1 0 0 0 13 5 5 2 7 5 0 24 0 48 2 0 0 0 1 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 7 2 0 1 0 0 1 0 7 4 1 0 7 1 1 1 7 3 2 2 2 5 16 0 1 0 0 0 0 2 0 0 2 0 0 1 0 3 9 0 0 8 1 0 0 2 3 3 3 5 1 2 1
local	term 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 2 1 2 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 2 1 0 1 0 0 0 0 0 0 0 1 0 0 0
culm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
elvan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
killas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
schillet 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0
spar	stone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
minerals 0 4 0 1 1 2 0 1 0 2 0 2 1 2 2 0 2 0 2 1 0 0 0 0 0 0 1 0 1 1 0 0 0 1 7 1 3 1 4 1 2 5 1 4 0 0 0 0 0 0 17 0 0 0 0 0 0 2 0 1 0 1 0 2 0 0 1 0 1 2 0 0 5 0 2 0 0 0 8 1 0 0 0 0 1 0 4 1 2 0 4 0 0 1 1 1 0 2 0 3 3 0 0 0 1 0 0 1 0 0 0 0 0 0 0 3 1 0 0 1 0 0 1 3 1 3 0 1 0 2 0
aluminium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
arsenic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
calcite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cassiterite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
chalcopyrite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cobalt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
copper 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
diamond 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
feldspar 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0
fluorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gold 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0
gypsum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iron 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 1 0 1 0 2 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0
lead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
magnetite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mica 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0
ore	(various	or	undefined) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
pyrite 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0
quartz 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0
silica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
silver 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tin 0 0 0 0 1 1 0 1 0 2 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 1 2 1 3 0 0 2 0 2 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 5 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 2 0 0 0 0 0
tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
tungsten 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
uranium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
wolframite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
zinc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mining 0 2 0 0 1 1 0 1 0 2 1 3 1 6 1 0 2 1 0 1 2 2 0 0 1 0 0 0 1 0 1 0 0 0 4 1 2 1 4 4 0 6 1 7 0 0 0 0 0 0 8 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 0 5 0 2 0 0 0 18 3 0 0 0 0 0 2 5 0 1 0 2 0 1 1 2 0 0 2 1 4 3 0 0 0 1 0 0 2 0 0 0 0 0 0 1 3 2 0 0 4 0 0 1 2 5 2 0 8 0 3 1
natural	hazards 0 1 0 1 0 0 1 0 0 1 3 3 1 2 4 0 0 0 1 0 1 1 0 1 2 0 2 0 2 1 2 0 0 0 1 1 2 0 1 3 0 7 2 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 23 4 5 1 0 8 2 4 2 0 0 5 0 1 0 0 0 0 0 0 8 5 0 1 0 0 0 0 2 0 0 2 0 0 0 2 6 2 1 1 0 1 0 1 1 0 1 0 3 0 6 2
earthquake 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 0 0 1 0 1 0 0 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 1 1 0 0 0 0 0 0 0 0 0 2 0 0 0
flooding 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 0 0 0 0 1 0 0 0 2 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 4 1
landslide 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
tsunami 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
volcano 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 2 0 1 1 2 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 8 0 1 0 0 0 1 0 0 0 0 0 0 0 0 3 4 0 1 0 0 0 0 2 0 0 2 0 0 0 1 2 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0
natural	movement 0 1 0 4 0 0 3 0 0 0 3 0 0 1 5 2 0 1 2 0 1 1 0 0 3 0 0 0 1 1 5 1 0 0 0 0 0 0 1 3 4 6 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1 0 0 0 0 14 0 1 0 0 0 1 0 0 0 0 0 0 0 8 6 0 1 0 0 0 0 2 0 0 0 0 0 0 1 5 3 1 0 0 0 0 2 0 1 3 0 4 0 1 1
negative	feeling 0 3 0 2 1 1 0 0 0 0 1 7 4 5 2 0 1 0 1 1 7 7 0 0 2 1 1 0 1 0 0 0 0 0 1 0 2 2 2 4 0 6 0 7 0 0 0 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 5 4 0 1 0 0 1 0 20 0 2 0 3 0 1 1 0 3 0 3 2 3 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 4 0 0 1 1 3 2 0 3 0 4 0
observed 0 4 1 0 1 0 0 0 0 0 0 2 2 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 4 1 2 0 2 1 2 8 2 4 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 0 0 1 0 17 0 0 4 1 0 0 1 0 0 0 0 3 5 1 0 0 1 0 0 1 0 0 2 0 1 1 0 11 3 1 0 1 0 0 0 1 0 2 0 1 0 3 6
oil	and	gas 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 1 0 1 1 3 3 0 0 1 0 1 0 0 0 0 0 0 0 0 1 2 0 2 0 0 1 1 1 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 2 0 7 0 0 0 0 0 0 0 0 2 1 3 2 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 2 1 1 2 0 0 0 0 1 0 0 0 0 1 0
peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
personal	connection 1 9 0 2 3 1 1 0 0 0 6 1 2 1 1 0 0 1 0 2 4 3 0 3 4 0 0 0 2 1 0 0 0 0 6 3 5 3 1 4 1 12 1 7 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 2 0 0 1 0 0 0 0 0 2 5 2 2 0 0 1 0 3 4 0 0 31 1 1 1 3 1 0 0 1 4 6 0 0 0 1 0 0 2 0 0 1 0 1 0 2 9 8 0 0 2 1 0 0 5 1 2 1 4 1 9 3
pollution 0 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 0 1 1 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 3 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1
positive	feeling 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 4 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0
pride 0 0 0 1 2 1 0 0 0 0 1 2 2 2 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 2 1 1 2 2 0 0 2 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 2 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0
quarrying 0 2 1 1 4 1 0 0 0 1 2 3 2 2 0 0 1 1 0 0 1 0 0 2 1 0 0 0 0 0 0 0 0 0 6 3 1 1 9 0 0 5 1 7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 3 1 2 1 19 0 1 2 2 4 10 0 0 0 1 0 0 2 0 0 3 0 1 4 1 1 0 0 0 2 0 0 0 1 0 2 1 1 2 2 1
radon 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 6 0 0 0 0 4 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0
recycling 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
resources 0 0 0 0 1 3 0 0 0 0 0 4 3 2 1 1 1 0 0 0 4 3 0 0 0 0 0 0 1 0 0 0 1 0 1 0 4 1 4 1 0 2 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 2 0 0 0 0 1 2 0 0 9 2 1 3 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 1 2 0 0 0 1 1 3 0 1 0 1 0
responsiblity 0 0 0 1 2 0 0 0 0 0 1 2 2 2 1 0 0 1 0 0 2 2 0 2 1 0 0 0 0 0 0 0 0 0 3 1 0 1 2 1 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 1 0 1 1 1 1 2 0 0 2 5 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 2 0 0 0 0 1 0 1 1 2 0 0
rock	structure 4 7 2 3 2 2 1 0 0 1 8 2 0 3 14 2 1 1 6 0 3 3 0 2 5 1 2 1 2 3 4 3 0 0 3 2 2 0 5 3 2 16 14 5 1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 8 3 1 0 0 3 8 3 3 3 0 4 0 0 0 4 0 0 1 1 63 25 1 2 1 3 0 0 3 0 0 4 0 0 3 12 22 18 12 8 15 1 0 4 2 7 10 1 10 1 16 3
rock	types 3 18 1 5 5 0 3 1 0 2 4 7 5 4 7 2 1 2 5 0 4 3 0 1 5 2 2 0 1 4 6 1 0 1 9 6 5 1 15 3 4 27 14 16 1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0 3 5 0 1 0 0 4 6 4 5 2 0 6 1 0 1 10 4 2 3 1 25 82 3 5 2 11 0 0 18 0 0 12 0 4 6 9 16 21 4 4 11 3 0 5 0 4 17 5 6 2 13 2
basalt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 3 3 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
chalk 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 1 0 1 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 5 0 5 0 0 0 0 2 0 0 1 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 1 1 0 0 0
chert	or	flint 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 2 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
clay 0 3 0 1 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 2 2 0 0 3 0 2 2 3 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 3 11 0 0 1 11 0 0 2 0 0 4 0 0 1 3 4 4 2 0 2 0 0 0 0 0 4 1 1 0 1 1
conglomerate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dolerite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
granite 0 3 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 1 2 0 0 0 0 0 1 0 1 0 1 1 4 1 0 1 0 1 2 0 2 0 2 5 3 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 2 2 0 0 0 0 2 2 1 1 0 0 2 0 0 0 2 3 0 0 0 3 18 1 2 0 2 0 0 18 0 0 4 0 1 3 2 4 2 0 0 4 2 0 2 0 2 6 2 2 0 4 0
limestone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mudstone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
sandstone 1 1 0 1 1 0 0 0 0 2 1 1 1 1 2 0 0 0 0 0 0 0 0 1 2 0 1 0 1 1 1 0 0 0 1 2 1 1 3 0 1 4 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 2 0 0 1 1 0 1 3 0 0 0 1 4 12 0 1 0 4 0 0 4 0 0 12 0 0 2 3 5 1 1 0 1 1 0 0 0 0 4 2 0 1 0 2
serpentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
shale 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 0 0 1 0 0 4 1 0 0 0 0 0 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0
slate 0 1 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 2 0 3 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 3 6 0 0 0 1 0 0 3 0 0 2 0 0 6 1 2 1 0 0 2 0 0 0 0 0 2 1 0 0 0 0
scale 1 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 1 1 2 0 0 0 0 1 0 1 0 0 1 2 0 0 0 0 0 0 0 2 0 0 4 7 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 1 1 0 0 1 0 2 0 0 0 1 0 0 0 0 12 9 0 0 0 3 0 0 2 0 0 3 0 0 1 22 6 10 5 1 5 0 0 1 0 3 4 0 0 0 8 0
sensory	experience	or	feeling3 6 1 2 0 3 1 0 1 1 2 0 0 1 9 2 0 1 1 0 3 3 0 1 1 1 0 1 2 1 4 0 0 0 5 2 2 2 5 4 3 7 7 3 1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 2 0 0 0 0 0 0 0 0 3 6 4 0 0 0 2 5 1 11 1 0 9 1 0 0 1 0 0 1 1 22 16 0 1 2 4 0 0 4 0 0 5 0 0 2 6 39 11 4 1 9 2 0 3 1 3 6 1 4 1 4 5
soil 3 17 1 8 3 1 2 0 0 0 1 1 1 0 4 1 0 2 1 2 0 0 0 0 1 1 1 0 1 2 3 0 0 0 2 2 3 1 1 4 1 19 12 9 2 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1 1 0 0 0 3 1 3 2 0 8 0 0 0 0 1 0 0 0 18 21 0 2 0 4 0 0 2 0 0 1 0 0 1 10 11 44 9 6 12 0 0 2 0 4 5 1 4 0 10 2
soil-rock	boundary 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 12 4 0 0 0 2 0 0 0 0 0 1 0 0 0 5 4 9 12 3 4 0 0 1 0 2 3 0 2 0 4 2
surface	applied	to	subsurafce1 3 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 1 0 0 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 8 4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 6 3 11 5 0 0 0 0 3 0 0 1 0 6 0
surface-subsurface	relationship2 6 1 1 0 0 1 0 1 1 0 2 2 2 3 0 0 0 1 0 2 2 0 0 1 1 1 1 1 2 1 1 0 0 3 3 1 2 3 3 0 13 6 8 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 0 0 4 1 2 0 2 0 1 0 2 1 0 2 2 15 11 0 0 0 2 0 0 4 0 0 1 0 0 2 5 9 12 4 5 31 0 0 0 1 5 9 1 3 0 7 1
technical	term 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 2 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 2 0 0 1 0 0 0 0 2 0 0 0 0 5 0 2 0 0 2 0 0 0 0 0
TELLUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
temperature 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 1 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 4 5 0 0 0 0 0 0 2 0 0 0 0 0 0 1 3 2 1 0 0 2 0 5 0 1 2 0 0 0 1 0
tourism 0 3 0 0 2 4 0 0 0 0 5 3 4 1 0 0 1 0 1 0 0 0 0 1 1 0 0 0 3 0 1 0 0 0 8 1 2 1 1 0 1 7 0 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 2 1 0 0 1 0 0 0 1 1 0 0 5 0 0 1 1 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 15 1 1 3 0 0 1 3
tunnels 1 4 0 0 0 0 0 0 0 0 0 1 1 3 1 0 0 1 1 0 2 2 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 2 0 3 2 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 1 3 0 1 0 1 0 0 0 0 0 0 1 1 7 4 0 0 0 0 0 0 2 0 0 0 0 0 0 3 3 4 2 3 5 0 0 1 1 12 0 0 5 0 7 0
uncertainty 1 4 0 2 1 2 1 1 1 0 0 3 3 1 4 2 1 0 0 0 5 3 0 0 3 1 1 0 3 2 2 0 1 0 3 3 3 1 5 3 3 6 6 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 1 0 0 0 0 1 3 2 2 0 0 2 1 0 1 2 1 0 3 0 10 17 1 0 0 4 0 0 6 0 0 4 0 3 2 4 6 5 3 0 9 2 0 2 1 0 32 1 2 0 8 3
unique 0 2 0 1 4 0 0 0 0 0 2 1 1 1 0 0 0 0 2 0 0 0 0 1 2 0 0 0 1 0 1 0 0 0 3 3 0 1 1 0 1 6 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 1 1 5 0 1 0 1 0 0 2 0 0 2 0 0 1 0 1 1 0 0 1 0 0 0 3 0 1 9 0 1 1 2
unstable 0 4 0 1 1 0 1 0 0 0 6 2 1 5 3 0 0 0 1 0 3 3 0 2 5 0 0 0 1 1 1 1 0 0 1 0 1 0 0 4 1 8 1 5 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 8 3 2 0 0 0 0 4 3 1 0 0 4 0 1 0 1 0 0 1 1 10 6 0 1 0 1 0 0 2 0 0 0 0 0 0 0 4 4 2 1 3 0 0 0 0 5 2 0 20 0 3 2
waste	ground 0 1 0 1 2 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 3 2 0 1 2 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 2 0 0 0 2 1 2 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 3 0 0
water 1 13 1 1 2 3 0 0 0 0 2 2 0 1 1 0 0 1 2 2 3 1 0 0 2 0 1 0 0 0 1 1 1 0 5 2 5 0 3 1 1 16 10 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 3 6 0 4 0 0 0 1 4 3 1 0 9 0 1 0 2 0 0 1 0 16 13 0 0 0 1 0 0 4 0 0 0 0 1 0 8 4 10 4 6 7 0 0 1 1 7 8 1 3 0 44 3
weather 0 3 1 0 1 1 1 0 2 0 3 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 2 1 0 1 1 3 2 5 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 1 1 0 0 1 0 6 0 0 3 1 0 0 1 0 0 0 0 3 2 0 0 0 1 0 0 0 0 0 2 0 0 0 0 5 2 2 0 1 0 0 0 3 0 3 2 2 0 3 15
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Data	from	questionnaires:	
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1	 4	 5	 3	 2	 2	 0	 0	 0	 4	 4	 0	 0	 2	 0	 0	 4	 4	 4	 0	 0	 2	 4	 4	 0	 2	 2	 0	 4	 4	 4	 1	 5	 2	 0	 2	 3	 1	 47	 9	 3	
2	 4	 5	 4	 1	 3	 2	 2	 2	 3	 2	 3	 3	 3	 3	 4	 3	 2	 4	 4	 3	 2	 2	 2	 3	 2	 2	 2	 2	 3	 3	 1	 5	 2	 1	 2	 2	 2	 29	 29	 2	
3	 5	 4	 3	 1	 1	 2	 2	 3	 2	 3	 4	 4	 2	 2	 5	 4	 4	 4	 4	 0	 2	 4	 0	 2	 2	 2	 2	 2	 0	 2	 1	 4	 0	 0	 2	 3	 2	 47	 23	 2	
4	 1	 2	 2	 4	 1	 4	 1	 4	 1	 1	 2	 1	 2	 1	 1	 1	 2	 4	 4	 2	 2	 4	 3	 3	 2	 1	 1	 2	 2	 2	 	 	 0	 0	 1	 5	 5	 68	 68	 2	
5	 5	 5	 5	 1	 1	 5	 1	 0	 5	 2	 0	 0	 5	 2	 4	 5	 2	 5	 5	 4	 1	 5	 5	 0	 2	 1	 1	 4	 5	 2	 0	 0	 0	 0	 1	 4	 5	 82	 15	 2	
6	 2	 4	 2	 4	 1	 1	 3	 0	 4	 4	 4	 4	 4	 4	 4	 4	 4	 5	 4	 4	 4	 4	 4	 4	 2	 2	 2	 2	 2	 2	 1	 	 2	 3	 1	 3	 5	 71	 62	 2	
7	 5	 5	 3	 2	 2	 3	 1	 0	 1	 1	 3	 2	 4	 0	 4	 4	 2	 1	 5	 0	 1	 5	 0	 0	 1	 0	 2	 5	 5	 0	 0	 0	 0	 0	 2	 2	 5	 62	 1	 2	
8	 2	 2	 2	 1	 2	 3	 4	 4	 2	 3	 4	 1	 5	 3	 4	 2	 3	 4	 4	 2	 2	 3	 4	 2	 2	 2	 2	 2	 4	 2	 2	 6	 2	 3	 1	 2	 1	 43	 20	 1	
9	 4	 4	 2	 1	 2	 4	 2	 4	 1	 2	 0	 0	 4	 2	 0	 0	 0	 4	 0	 0	 0	 0	 0	 0	 0	 2	 0	 0	 0	 2	 1	 6	 1	 1	 2	 3	 1	 54	 25	 1	
10	 2	 2	 2	 2	 1	 2	 2	 2	 3	 3	 4	 3	 5	 3	 3	 0	 2	 5	 4	 2	 1	 4	 5	 4	 1	 1	 3	 2	 4	 4	 1	 5	 2	 3	 1	 1	 5	 76	 76	 2	
11	 2	 4	 2	 1	 2	 3	 2	 1	 3	 2	 2	 1	 4	 2	 4	 4	 2	 4	 4	 2	 1	 4	 2	 3	 1	 1	 1	 3	 1	 1	 1	 3	 2	 1	 1	 2	 2	 19	 19	 2	
12	 3	 3	 1	 1	 3	 3	 2	 2	 3	 2	 2	 3	 2	 1	 2	 0	 4	 5	 1	 2	 2	 2	 3	 3	 3	 3	 1	 1	 1	 1	 3	 	 2	 3	 2	 3	 3	 19	 19	 1	
13	 2	 4	 2	 1	 1	 4	 2	 4	 2	 3	 2	 2	 4	 2	 4	 4	 4	 4	 4	 2	 1	 4	 3	 4	 2	 2	 2	 2	 4	 2	 3	 6	 2	 3	 2	 3	 1	 44	 17	 1	
14	 2	 2	 2	 2	 1	 5	 1	 2	 1	 3	 2	 5	 5	 1	 5	 2	 4	 4	 4	 4	 4	 4	 4	 4	 2	 2	 2	 2	 3	 4	 3	 	 2	 3	 1	 4	 5	 65	 37	 1	
15	 2	 2	 1	 2	 1	 1	 2	 2	 2	 4	 0	 0	 4	 2	 0	 0	 4	 4	 4	 2	 2	 4	 0	 4	 1	 1	 1	 4	 3	 1	 6	 	 2	 3	 2	 4	 2	 38	 32	 1	
16	 3	 3	 3	 1	 3	 1	 4	 5	 2	 4	 3	 5	 4	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 	 	 0	 0	 2	 4	 1	 30	 15	 3	
17	 4	 4	 1	 1	 1	 1	 1	 0	 1	 4	 4	 1	 4	 2	 4	 4	 4	 2	 1	 4	 1	 5	 2	 5	 1	 1	 2	 4	 4	 1	 2	 3	 2	 1	 2	 1	 5	 45	 1	 3	
18	 5	 5	 5	 1	 0	 0	 0	 0	 0	 0	 3	 0	 3	 0	 4	 4	 4	 4	 0	 4	 0	 0	 0	 0	 0	 4	 0	 3	 4	 0	 1	 3	 1	 2	 2	 3	 3	 36	 34	 3	
19	 3	 4	 4	 2	 1	 2	 2	 3	 1	 3	 2	 3	 5	 2	 3	 2	 3	 5	 2	 2	 2	 3	 3	 4	 2	 1	 3	 2	 2	 2	 2	 	 1	 2	 1	 5	 5	 79	 37	 3	
20	 1	 1	 1	 2	 1	 1	 1	 3	 3	 4	 2	 5	 5	 1	 5	 5	 2	 5	 5	 5	 1	 5	 1	 2	 2	 1	 1	 1	 1	 1	 1	 	 2	 3	 2	 2	 2	 53	 30	 2	
21	 2	 3	 2	 2	 1	 4	 1	 3	 3	 3	 2	 4	 4	 2	 4	 2	 2	 5	 2	 2	 2	 5	 4	 4	 2	 2	 2	 4	 4	 4	 4	 	 2	 1	 1	 1	 1	 50	 5	 3	
22	 4	 2	 4	 2	 2	 2	 2	 4	 2	 4	 2	 4	 5	 2	 4	 2	 2	 4	 2	 2	 2	 4	 3	 2	 2	 2	 4	 2	 4	 2	 1	 3	 2	 3	 1	 3	 5	 87	 87	 2	
23	 5	 4	 3	 1	 2	 2	 0	 3	 5	 2	 0	 0	 2	 0	 0	 2	 0	 	 	 0	 2	 0	 0	 0	 2	 0	 2	 0	 0	 2	 2	 4	 2	 1	 2	 2	 1	 45	 40	 2	
24	 4	 5	 4	 1	 2	 2	 3	 3	 2	 3	 2	 3	 2	 2	 3	 3	 3	 4	 4	 3	 2	 4	 2	 3	 2	 3	 4	 3	 3	 3	 4	 5	 2	 3	 1	 2	 5	 71	 12	 3	
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25	 2	 4	 2	 3	 1	 2	 4	 2	 2	 4	 2	 4	 4	 2	 4	 2	 2	 5	 4	 4	 2	 5	 4	 4	 2	 1	 2	 4	 4	 2	 4	 5	 2	 3	 2	 2	 1	 52	 52	 3	
26	 4	 3	 2	 1	 2	 4	 3	 2	 2	 2	 4	 4	 5	 2	 4	 2	 2	 5	 2	 2	 2	 4	 4	 4	 2	 2	 2	 2	 4	 2	 	 	 2	 1	 1	 1	 5	 67	 50	 3	
27	 3	 4	 2	 3	 1	 2	 2	 4	 4	 3	 3	 4	 4	 4	 4	 4	 4	 5	 2	 4	 2	 5	 4	 4	 2	 2	 2	 2	 4	 4	 5	 	 2	 3	 2	 4	 2	 51	 51	 3	
28	 3	 2	 1	 2	 1	 1	 1	 1	 2	 3	 1	 2	 5	 1	 4	 1	 4	 1	 5	 1	 1	 1	 2	 3	 1	 1	 1	 1	 4	 2	 4	 5	 1	 3	 1	 3	 2	 54	 54	 2	
29	 4	 4	 2	 1	 2	 2	 2	 3	 3	 3	 4	 3	 4	 3	 3	 3	 3	 3	 3	 4	 2	 4	 3	 4	 2	 2	 3	 4	 4	 2	 3	 	 2	 3	 2	 4	 2	 57	 38	 2	
30	 3	 5	 2	 1	 1	 4	 3	 4	 1	 4	 3	 3	 4	 3	 3	 3	 3	 3	 0	 2	 2	 4	 0	 4	 2	 2	 0	 2	 4	 0	 1	 2	 2	 1	 1	 3	 1	 28	 12	 2	
31	 1	 2	 5	 2	 2	 2	 3	 1	 2	 2	 0	 4	 4	 3	 4	 4	 4	 5	 2	 3	 2	 4	 2	 2	 2	 1	 2	 2	 5	 2	 1	 6	 2	 1	 1	 1	 1	 73	 73	 2	
32	 1	 1	 1	 1	 1	 1	 1	 1	 1	 3	 1	 2	 1	 2	 3	 1	 1	 4	 1	 4	 3	 1	 1	 3	 1	 1	 1	 3	 4	 1	 1	 2	 0	 0	 2	 5	 5	 60	 60	 2	
33	 3	 3	 2	 1	 2	 2	 2	 3	 2	 3	 3	 3	 4	 3	 3	 3	 3	 4	 4	 3	 2	 4	 3	 3	 2	 2	 2	 3	 3	 2	 1	 3	 2	 3	 1	 3	 1	 50	 50	 2	
34	 3	 3	 2	 2	 2	 2	 3	 2	 3	 3	 2	 4	 4	 4	 3	 4	 4	 5	 4	 4	 2	 4	 4	 4	 2	 1	 3	 4	 4	 2	 3	 6	 2	 3	 1	 1	 5	 67	 9	 1	
35	 1	 1	 3	 3	 1	 2	 3	 1	 1	 2	 3	 3	 5	 	 5	 5	 3	 	 5	 5	 1	 5	 2	 3	 1	 1	 5	 	 2	 3	 3	 	 2	 3	 1	 4	 3	 21	 21	 2	
36	 3	 3	 2	 2	 2	 2	 2	 2	 2	 2	 4	 3	 4	 3	 2	 4	 2	 5	 4	 4	 2	 4	 3	 4	 2	 2	 3	 2	 3	 1	 1	 3	 2	 1	 1	 4	 5	 66	 5	 2	
37	 2	 4	 4	 2	 1	 2	 2	 2	 3	 3	 2	 2	 4	 4	 5	 2	 2	 5	 4	 4	 2	 4	 2	 4	 2	 2	 3	 2	 4	 2	 	 	 3	 1	 1	 2	 5	 89	 49	 3	
38	 2	 2	 2	 2	 1	 3	 2	 2	 2	 4	 2	 4	 4	 2	 2	 4	 2	 5	 4	 2	 2	 5	 2	 	 2	 2	 2	 3	 4	 2	 1	 	 2	 3	 2	 3	 1	 24	 24	 2	
39	 4	 5	 4	 2	 1	 4	 1	 3	 2	 4	 4	 2	 4	 2	 4	 3	 4	 4	 4	 4	 2	 4	 4	 4	 2	 2	 3	 2	 4	 3	 2	 	 2	 3	 2	 2	 1	 53	 8	 3	
40	 2	 3	 3	 2	 2	 3	 4	 2	 3	 3	 3	 3	 5	 1	 2	 1	 2	 5	 	 1	 1	 5	 4	 4	 1	 1	 1	 4	 3	 2	 5	 	 2	 3	 2	 2	 2	 58	 45	 3	
41	 3	 4	 3	 1	 2	 2	 3	 3	 2	 2	 3	 3	 3	 3	 3	 3	 2	 4	 3	 3	 2	 4	 4	 	 2	 2	 	 2	 	 3	 1	 	 2	 1	 1	 3	 5	 	 20	 3	
42	 4	 3	 2	 1	 2	 2	 2	 0	 4	 2	 4	 0	 4	 0	 0	 0	 0	 4	 2	 0	 2	 4	 2	 0	 2	 2	 0	 2	 4	 2	 5	 	 3	 3	 2	 2	 6	 42	 25	 1	
43	 4	 4	 4	 2	 2	 2	 2	 0	 2	 3	 3	 3	 3	 2	 2	 4	 4	 4	 3	 2	 2	 4	 4	 4	 2	 3	 3	 3	 2	 3	 5	 	 2	 1	 1	 2	 5	 68	 18	 2	
44	 1	 2	 1	 3	 1	 1	 2	 2	 2	 2	 4	 3	 4	 3	 3	 2	 3	 4	 2	 2	 2	 3	 3	 4	 2	 2	 2	 2	 4	 2	 1	 3	 2	 1	 1	 1	 2	 55	 55	 2	
45	 2	 4	 2	 2	 2	 2	 3	 4	 2	 3	 2	 4	 5	 2	 4	 3	 2	 5	 3	 4	 2	 4	 4	 4	 2	 2	 2	 4	 4	 4	 5	 	 2	 1	 2	 3	 2	 54	 17	 3	
46	 3	 4	 2	 1	 2	 2	 1	 3	 2	 2	 2	 2	 5	 2	 3	 2	 2	 5	 2	 3	 2	 3	 3	 3	 2	 2	 2	 2	 2	 2	 5	 	 2	 1	 1	 2	 5	 82	 20	 3	
47	 2	 4	 2	 2	 1	 4	 1	 0	 2	 2	 0	 0	 0	 2	 4	 4	 0	 4	 4	 4	 2	 5	 2	 4	 2	 2	 2	 2	 3	 2	 	 	 0	 0	 2	 4	 5	 67	 10	 3	
48	 3	 2	 1	 1	 2	 3	 1	 3	 2	 4	 3	 3	 4	 1	 3	 2	 4	 4	 4	 2	 2	 2	 4	 2	 2	 2	 	 4	 2	 2	 	 	 0	 0	 1	 3	 6	 60	 40	 3	
49	 2	 3	 2	 2	 1	 1	 5	 3	 3	 4	 2	 5	 5	 5	 5	 2	 3	 5	 5	 5	 2	 5	 5	 1	 1	 1	 1	 1	 2	 5	 5	 	 2	 3	 1	 1	 1	 60	 60	 3	
50	 4	 5	 4	 1	 1	 2	 3	 3	 1	 0	 0	 1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 2	 2	 0	 2	 0	 1	 0	 0	 0	 0	 1	 5	 5	 82	 50	 2	
51	 4	 4	 2	 1	 2	 3	 2	 3	 0	 0	 3	 	 2	 2	 4	 3	 4	 5	 4	 3	 2	 4	 3	 4	 2	 2	 2	 3	 3	 1	 2	 3	 3	 1	 1	 1	 5	 67	 67	 3	
52	 1	 2	 1	 2	 1	 2	 1	 3	 4	 5	 	 2	 5	 2	 4	 4	 5	 5	 4	 3	 1	 2	 4	 4	 2	 1	 1	 1	 4	 3	 1	 3	 2	 3	 1	 2	 5	 92	 92	 2	
53	 3	 3	 2	 2	 2	 2	 2	 2	 4	 4	 4	 4	 0	 2	 0	 0	 0	 0	 0	 0	 2	 0	 2	 1	 1	 2	 2	 2	 0	 0	 3	 	 2	 1	 2	 3	 2	 40	 15	 2	
54	 	 	 2	 1	 2	 2	 4	 3	 1	 3	 2	 4	 4	 2	 4	 4	 4	 5	 4	 2	 1	 4	 3	 2	 2	 2	 2	 4	 4	 4	 1	 	 2	 1	 2	 1	 5	 62	 54	 2	
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55	 2	 3	 4	 3	 2	 2	 2	 3	 1	 2	 2	 3	 5	 2	 3	 2	 2	 5	 5	 1	 2	 5	 4	 4	 1	 1	 1	 1	 4	 5	 5	 	 1	 2	 1	 4	 1	 57	 57	 3	
56	 2	 3	 2	 2	 1	 1	 4	 3	 4	 4	 0	 4	 4	 2	 0	 0	 0	 4	 4	 0	 2	 4	 4	 0	 2	 2	 2	 2	 0	 0	 1	 3	 2	 1	 3	 4	 1	 39	 11	 3	
57	 2	 3	 2	 2	 2	 3	 3	 2	 3	 4	 2	 5	 3	 4	 2	 2	 2	 5	 4	 2	 2	 5	 4	 2	 1	 1	 3	 2	 3	 2	 5	 	 2	 3	 1	 2	 6	 51	 51	 3	
58	 3	 3	 3	 1	 1	 2	 2	 2	 2	 1	 1	 3	 3	 2	 4	 2	 4	 1	 3	 2	 3	 2	 5	 4	 2	 1	 1	 1	 1	 1	 1	 3	 2	 3	 1	 1	 5	 75	 30	 2	
59	 1	 4	 1	 2	 1	 0	 1	 0	 0	 2	 0	 2	 4	 2	 0	 0	 2	 4	 0	 2	 2	 4	 2	 4	 2	 2	 2	 0	 0	 0	 1	 3	 2	 3	 2	 3	 3	 20	 20	 3	
60	 4	 4	 4	 2	 2	 2	 2	 2	 3	 4	 3	 5	 4	 2	 3	 2	 4	 4	 2	 4	 2	 4	 4	 4	 2	 2	 4	 2	 4	 2	 2	 	 1	 1	 1	 4	 5	 67	 58	 1	
61	 2	 3	 3	 3	 2	 2	 3	 2	 2	 2	 2	 3	 2	 2	 2	 2	 3	 3	 3	 2	 2	 2	 3	 2	 	 2	 3	 3	 3	 2	 3	 	 1	 3	 1	 2	 5	 90	 68	 3	
62	 2	 2	 2	 1	 1	 1	 3	 4	 1	 2	 2	 3	 0	 1	 0	 2	 2	 5	 0	 4	 2	 4	 2	 0	 1	 0	 2	 2	 2	 1	 2	 5	 0	 0	 2	 4	 5	 80	 50	 3	
63	 3	 2	 1	 1	 2	 4	 2	 2	 3	 3	 0	 2	 4	 2	 3	 4	 4	 5	 5	 3	 1	 4	 3	 3	 1	 1	 3	 3	 3	 1	 3	 	 2	 3	 2	 4	 1	 51	 30	 3	
64	 2	 2	 2	 2	 1	 2	 2	 2	 4	 4	 2	 0	 5	 2	 2	 4	 4	 5	 4	 2	 2	 4	 4	 0	 1	 2	 0	 3	 4	 2	 2	 6	 2	 2	 2	 1	 5	 79	 35	 1	
65	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
66	 5	 5	 5	 4	 0	 5	 1	 0	 2	 4	 0	 0	 4	 0	 0	 4	 0	 0	 0	 4	 0	 0	 0	 0	 2	 2	 0	 2	 0	 0	 2	 	 2	 3	 2	 2	 5	 48	 7	 2	
67	 4	 4	 2	 1	 2	 2	 2	 3	 2	 4	 2	 3	 2	 2	 4	 2	 2	 5	 4	 4	 2	 4	 0	 0	 2	 0	 0	 0	 4	 2	 3	 	 1	 1	 2	 4	 2	 54	 24	 1	
68	 2	 2	 2	 2	 1	 2	 2	 2	 2	 2	 3	 3	 5	 2	 4	 4	 4	 4	 4	 2	 2	 4	 3	 3	 2	 2	 3	 2	 4	 4	 6	 	 2	 3	 2	 4	 5	 57	 11	 1	
69	 2	 2	 2	 1	 1	 1	 2	 3	 2	 0	 0	 2	 0	 0	 3	 	 1	 5	 2	 3	 2	 0	 0	 3	 3	 2	 2	 0	 0	 2	 3	 6	 1	 2	 2	 4	 5	 74	 49	 1	
70	 5	 5	 2	 2	 1	 2	 3	 4	 2	 3	 0	 	 0	 0	 0	 2	 2	 4	 2	 0	 2	 4	 4	 0	 2	 0	 0	 2	 4	 0	 6	 	 2	 1	 2	 2	 5	 63	 1	 1	
71	 2	 3	 1	 2	 1	 4	 1	 4	 1	 3	 4	 2	 4	 2	 4	 3	 3	 4	 4	 2	 2	 4	 2	 4	 1	 2	 2	 2	 4	 2	 3	 6	 2	 1	 2	 2	 4	 45	 12	 1	
72	 4	 4	 2	 1	 1	 1	 1	 2	 1	 4	 0	 0	 4	 2	 3	 2	 4	 0	 0	 3	 3	 2	 4	 0	 1	 1	 1	 1	 4	 3	 1	 6	 2	 1	 2	 2	 5	 70	 23	 1	
73	 3	 4	 3	 3	 2	 2	 2	 3	 1	 4	 3	 4	 4	 3	 3	 3	 4	 5	 4	 3	 2	 4	 4	 3	 3	 2	 2	 2	 4	 2	 2	 4	 2	 3	 1	 2	 1	 46	 46	 2	
74	 3	 4	 4	 1	 3	 4	 2	 4	 2	 2	 2	 2	 4	 2	 0	 4	 2	 5	 4	 0	 1	 4	 3	 0	 2	 2	 2	 2	 0	 4	 4	 5	 2	 3	 1	 1	 5	 65	 65	 3	
75	 3	 3	 2	 1	 2	 2	 3	 2	 1	 3	 4	 3	 3	 2	 4	 2	 4	 4	 2	 4	 2	 4	 2	 3	 2	 2	 2	 2	 4	 4	 4	 	 2	 1	 1	 1	 5	 41	 3	 3	
76	 2	 2	 1	 3	 1	 2	 3	 4	 2	 3	 4	 3	 5	 2	 3	 3	 4	 5	 4	 2	 2	 4	 5	 4	 1	 2	 3	 4	 5	 0	 5	 	 2	 1	 1	 3	 5	 70	 36	 3	
77	 2	 2	 2	 2	 1	 2	 4	 5	 5	 2	 2	 3	 5	 1	 2	 4	 2	 4	 4	 2	 2	 4	 4	 4	 1	 1	 1	 2	 4	 3	 	 	 3	 0	 2	 2	 5	 66	 40	 3	
78	 	 	 2	 2	 	 2	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2	 	 	 	 	 	 6	 	 1	 2	 2	 1	 5	 80	 45	 2	
79	 1	 1	 2	 3	 2	 5	 2	 0	 2	 1	 5	 1	 5	 4	 5	 4	 1	 4	 3	 4	 2	 5	 2	 3	 2	 1	 2	 2	 3	 0	 1	 	 2	 3	 1	 3	 3	 21	 21	 2	
80	 2	 2	 2	 2	 1	 1	 3	 2	 4	 4	 4	 4	 4	 2	 4	 	 2	 2	 2	 2	 2	 4	 3	 2	 2	 2	 	 5	 2	 2	 1	 3	 2	 3	 1	 2	 5	 78	 78	 2	
81	 1	 1	 1	 1	 1	 1	 2	 3	 1	 2	 3	 4	 5	 1	 2	 	 3	 5	 2	 2	 2	 2	 4	 4	 1	 1	 4	 3	 2	 2	 1	 3	 2	 1	 1	 4	 5	 71	 12	 2	
82	 	 2	 	 1	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2	 	 	 1	 4	 2	 1	 2	 2	 5	 84	 28	 3	
83	 4	 4	 2	 1	 2	 3	 2	 2	 2	 4	 2	 3	 2	 2	 3	 2	 3	 5	 2	 4	 2	 4	 2	 4	 2	 2	 2	 2	 4	 0	 3	 	 2	 1	 2	 2	 5	 63	 4	 3	
84	 2	 4	 2	 1	 2	 2	 3	 4	 2	 4	 4	 4	 4	 1	 3	 3	 3	 5	 4	 4	 2	 4	 4	 4	 1	 2	 1	 1	 2	 2	 	 	 1	 3	 2	 2	 5	 63	 10	 3	
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85	 1	 3	 4	 4	 1	 1	 2	 3	 2	 4	 3	 3	 4	 2	 4	 4	 4	 4	 3	 4	 2	 4	 3	 3	 1	 2	 3	 2	 4	 3	 	 	 1	 3	 1	 5	 5	 72	 21	 3	
86	 3	 3	 2	 1	 2	 2	 4	 3	 2	 2	 2	 4	 4	 2	 0	 2	 4	 5	 3	 2	 2	 4	 4	 4	 2	 0	 2	 2	 4	 2	 2	 4	 1	 3	 2	 1	 5	 75	 35	 3	
87	 4	 4	 2	 1	 2	 4	 2	 2	 3	 2	 3	 	 4	 2	 3	 3	 2	 5	 2	 2	 2	 5	 3	 3	 2	 2	 3	 2	 2	 4	 0	 0	 0	 0	 2	 3	 5	 59	 47	 3	
88	 4	 5	 3	 2	 1	 0	 2	 0	 0	 4	 4	 0	 4	 2	 0	 0	 3	 5	 5	 0	 2	 4	 5	 4	 2	 2	 4	 3	 4	 0	 0	 0	 2	 3	 1	 3	 5	 70	 11	 3	
89	 2	 3	 3	 1	 1	 4	 2	 3	 2	 3	 3	 1	 4	 2	 3	 2	 2	 5	 3	 2	 2	 5	 4	 2	 2	 2	 2	 3	 4	 2	 1	 2	 2	 1	 1	 2	 5	 61	 10	 3	
90	 4	 5	 3	 4	 2	 3	 3	 3	 2	 4	 4	 	 5	 4	 4	 2	 4	 5	 0	 4	 4	 5	 4	 3	 2	 0	 0	 2	 0	 2	 3	 	 2	 1	 1	 1	 5	 68	 68	 2	
91	 3	 4	 3	 2	 1	 3	 2	 1	 3	 4	 4	 3	 4	 2	 4	 2	 4	 5	 2	 4	 1	 4	 4	 4	 2	 3	 3	 3	 4	 4	 5	 	 1	 1	 2	 4	 5	 63	 47	 3	
92	 2	 2	 2	 1	 2	 4	 2	 0	 	 4	 4	 0	 4	 4	 4	 4	 4	 4	 0	 4	 2	 0	 0	 0	 2	 0	 2	 2	 3	 2	 3	 4	 2	 1	 2	 4	 2	 65	 45	 1	
93	 2	 3	 1	 1	 1	 0	 1	 0	 5	 0	 3	 1	 5	 1	 3	 4	 0	 5	 5	 0	 2	 0	 5	 0	 1	 1	 1	 	 5	 5	 	 	 0	 0	 1	 5	 1	 67	 67	 3	
94	 4	 3	 1	 2	 3	 2	 0	 0	 4	 0	 4	 0	 5	 3	 3	 2	 4	 4	 0	 3	 2	 4	 4	 4	 1	 2	 2	 4	 4	 3	 3	 5	 2	 3	 2	 2	 4	 56	 35	 2	
95	 1	 1	 1	 4	 1	 2	 2	 1	 1	 3	 4	 2	 5	 1	 2	 2	 3	 4	 2	 1	 2	 1	 2	 3	 1	 5	 1	 1	 1	 2	 3	 6	 2	 0	 3	 2	 5	 60	 60	 1	
96	 3	 2	 3	 	 2	 3	 2	 1	 2	 1	 2	 2	 1	 2	 3	 1	 1	 1	 2	 3	 2	 1	 3	 2	 1	 2	 3	 2	 2	 1	 1	 3	 2	 1	 1	 1	 5	 83	 83	 3	
97	 3	 4	 2	 1	 1	 2	 2	 2	 2	 3	 2	 3	 4	 2	 4	 3	 4	 5	 3	 3	 2	 5	 4	 0	 2	 2	 2	 0	 4	 2	 5	 6	 2	 3	 2	 2	 2	 42	 16	 1	
98	 4	 4	 5	 1	 2	 3	 1	 2	 2	 2	 2	 1	 3	 0	 0	 0	 3	 	 0	 4	 2	 4	 2	 0	 1	 2	 0	 2	 0	 3	 5	 	 2	 1	 2	 3	 2	 53	 30	 3	
99	 3	 3	 2	 2	 2	 2	 3	 3	 2	 3	 3	 3	 2	 2	 0	 2	 0	 3	 2	 2	 2	 2	 2	 3	 3	 2	 2	 2	 2	 2	 1	 2	 3	 3	 2	 4	 1	 57	 20	 1	
100	 2	 3	 2	 2	 1	 4	 2	 4	 1	 4	 3	 3	 5	 2	 3	 2	 4	 5	 2	 2	 2	 4	 2	 4	 2	 1	 2	 4	 4	 1	 1	 2	 2	 3	 1	 2	 5	 73	 73	 3	
101	 4	 4	 4	 1	 1	 1	 2	 2	 2	 0	 0	 4	 5	 2	 4	 2	 4	 5	 0	 5	 1	 4	 2	 4	 2	 2	 1	 2	 2	 1	 5	 	 2	 1	 2	 2	 2	 37	 37	 3	
102	 5	 5	 2	 2	 1	 5	 1	 0	 2	 0	 3	 1	 3	 3	 4	 3	 4	 5	 2	 4	 1	 5	 5	 4	 1	 5	 1	 3	 3	 2	 1	 3	 2	 3	 2	 1	 5	 69	 8	 3	
103	 3	 3	 2	 4	 1	 1	 1	 1	 1	 1	 2	 2	 4	 2	 4	 4	 2	 4	 3	 2	 2	 4	 4	 3	 3	 2	 2	 2	 3	 4	 4	 5	 0	 0	 1	 1	 5	 89	 50	 3	
104	 2	 4	 2	 1	 1	 2	 2	 2	 3	 2	 2	 2	 2	 2	 3	 3	 2	 4	 2	 3	 2	 4	 2	 4	 2	 2	 2	 2	 4	 4	 5	 	 2	 0	 2	 1	 5	 66	 5	 3	
105	 3	 4	 2	 2	 1	 4	 1	 3	 1	 2	 2	 1	 5	 2	 3	 2	 2	 5	 4	 2	 2	 2	 4	 3	 2	 1	 2	 2	 2	 1	 3	 	 2	 1	 1	 5	 5	 63	 63	 2	
106	 4	 3	 2	 1	 1	 2	 2	 3	 2	 2	 0	 2	 0	 2	 0	 2	 0	 4	 4	 0	 2	 0	 0	 4	 2	 2	 2	 2	 4	 4	 1	 6	 2	 3	 2	 2	 5	 74	 15	 1	
107	 2	 4	 2	 2	 1	 0	 3	 5	 4	 4	 2	 4	 4	 0	 5	 4	 4	 5	 2	 4	 2	 5	 1	 4	 	 2	 3	 3	 4	 2	 2	 6	 1	 2	 3	 4	 2	 23	 23	 1	
108	 3	 4	 5	 1	 0	 0	 0	 0	 3	 3	 3	 0	 0	 0	 0	 0	 	 4	 4	 0	 3	 3	 3	 0	 0	 0	 0	 0	 0	 3	 0	 0	 0	 0	 1	 2	 5	 89	 18	 1	
109	 2	 2	 2	 2	 1	 2	 2	 2	 4	 2	 4	 4	 4	 2	 4	 4	 2	 4	 2	 4	 2	 4	 2	 4	 2	 2	 2	 2	 4	 2	 2	 	 2	 0	 2	 4	 1	 52	 30	 1	
110	 1	 5	 5	 4	 1	 1	 2	 1	 4	 0	 4	 2	 4	 2	 2	 2	 4	 4	 2	 2	 2	 2	 4	 4	 2	 2	 2	 2	 2	 2	 2	 6	 2	 2	 2	 1	 5	 69	 69	 1	
111	 3	 4	 2	 1	 2	 2	 3	 3	 2	 0	 0	 0	 0	 2	 5	 4	 0	 4	 0	 0	 0	 3	 2	 0	 2	 2	 0	 2	 0	 4	 4	 5	 2	 1	 2	 2	 2	 45	 17	 2	
112	 1	 1	 1	 3	 2	 2	 1	 4	 3	 2	 2	 4	 5	 1	 2	 3	 2	 5	 5	 2	 1	 3	 4	 4	 1	 1	 4	 2	 2	 5	 1	 	 2	 1	 1	 4	 1	 46	 30	 1	
113	 5	 5	 3	 1	 2	 0	 0	 0	 4	 4	 0	 0	 5	 2	 4	 0	 4	 5	 2	 4	 2	 4	 4	 0	 2	 1	 2	 4	 2	 2	 2	 6	 2	 1	 2	 2	 5	 64	 19	 1	
114	 4	 4	 2	 1	 2	 3	 2	 2	 2	 2	 2	 2	 4	 3	 4	 4	 2	 4	 3	 4	 3	 4	 3	 4	 2	 2	 2	 3	 4	 2	 2	 6	 2	 1	 2	 4	 1	 54	 20	 1	
406	
	
	
115	 2	 3	 2	 2	 1	 2	 1	 3	 4	 5	 5	 4	 5	 1	 5	 5	 4	 5	 2	 5	 2	 5	 3	 4	 1	 1	 5	 5	 1	 1	 1	 3	 2	 1	 2	 4	 5	 64	 31	 1	
116	 2	 2	 2	 1	 2	 4	 1	 3	 1	 3	 2	 3	 5	 2	 5	 2	 2	 5	 2	 	 1	 5	 5	 5	 5	 5	 1	 5	 4	 5	 6	 	 2	 3	 3	 1	 5	 65	 56	 1	
117	 4	 4	 3	 2	 2	 1	 1	 2	 1	 5	 3	 4	 3	 2	 5	 0	 4	 5	 3	 4	 3	 2	 3	 3	 2	 2	 2	 3	 3	 3	 3	 6	 0	 0	 2	 2	 1	 45	 5	 1	
118	 3	 4	 4	 1	 2	 3	 2	 3	 1	 1	 2	 1	 3	 2	 3	 2	 2	 3	 2	 3	 2	 4	 3	 2	 2	 3	 1	 2	 3	 3	 1	 3	 0	 0	 2	 1	 5	 80	 80	 2	
119	 3	 4	 3	 2	 2	 2	 2	 3	 2	 3	 4	 3	 5	 2	 4	 3	 3	 4	 4	 2	 2	 4	 4	 3	 2	 2	 2	 2	 4	 2	 1	 3	 2	 3	 1	 2	 5	 69	 62	 2	
120	 2	 2	 1	 1	 1	 2	 1	 4	 3	 2	 4	 2	 4	 2	 3	 2	 2	 5	 5	 2	 2	 5	 3	 2	 2	 1	 3	 3	 2	 1	 1	 6	 2	 1	 1	 5	 5	 59	 41	 1	
121	 4	 4	 2	 1	 3	 3	 3	 3	 2	 2	 3	 3	 3	 2	 4	 3	 2	 3	 4	 4	 3	 3	 2	 3	 2	 3	 3	 2	 3	 3	 4	 	 2	 1	 1	 5	 1	 53	 53	 3	
122	 2	 2	 2	 2	 2	 2	 4	 4	 2	 2	 2	 4	 0	 2	 0	 2	 2	 4	 4	 2	 0	 2	 2	 4	 2	 2	 0	 2	 0	 2	 1	 3	 2	 3	 2	 2	 5	 78	 36	 2	
123	 2	 4	 4	 2	 2	 4	 2	 1	 4	 4	 2	 4	 4	 2	 0	 2	 5	 5	 0	 5	 2	 2	 0	 2	 1	 1	 1	 1	 4	 2	 1	 3	 2	 3	 2	 4	 1	 30	 30	 1	
124	 2	 3	 1	 1	 3	 4	 3	 0	 4	 4	 5	 4	 5	 1	 5	 4	 4	 5	 2	 4	 1	 4	 4	 5	 1	 1	 2	 5	 4	 2	 2	 3	 1	 1	 2	 3	 5	 77	 77	 1	
125	 3	 3	 2	 2	 1	 4	 2	 3	 2	 5	 0	 4	 5	 0	 0	 0	 2	 5	 4	 4	 2	 3	 5	 4	 2	 2	 2	 2	 4	 2	 1	 2	 2	 3	 1	 1	 5	 68	 27	 1	
126	 4	 5	 3	 1	 2	 2	 2	 3	 1	 2	 2	 3	 0	 2	 0	 5	 5	 5	 5	 4	 4	 4	 2	 4	 1	 2	 2	 1	 0	 2	 1	 	 2	 3	 2	 3	 5	 49	 4	 1	
127	 1	 1	 1	 2	 1	 1	 2	 5	 2	 4	 3	 5	 5	 1	 4	 5	 4	 5	 5	 1	 1	 5	 5	 5	 1	 1	 1	 3	 5	 1	 1	 3	 1	 2	 1	 4	 1	 45	 21	 2	
128	 3	 4	 2	 2	 2	 2	 2	 4	 2	 3	 2	 4	 4	 4	 4	 4	 4	 4	 2	 2	 2	 2	 4	 3	 2	 2	 2	 2	 2	 2	 2	 6	 1	 1	 1	 2	 5	 72	 45	 1	
129	 2	 2	 2	 2	 2	 3	 3	 4	 2	 3	 4	 3	 5	 2	 4	 4	 3	 5	 3	 3	 2	 4	 3	 5	 2	 2	 4	 4	 3	 2	 2	 3	 2	 2	 1	 3	 5	 73	 2	 1	
130	 1	 2	 2	 2	 1	 4	 2	 2	 2	 2	 2	 2	 5	 1	 2	 2	 2	 5	 4	 2	 2	 4	 4	 2	 1	 1	 2	 3	 2	 4	 5	 	 2	 1	 1	 2	 2	 53	 50	 3	
131	 3	 2	 2	 3	 2	 2	 2	 4	 2	 3	 4	 0	 0	 2	 0	 4	 0	 4	 0	 2	 2	 0	 4	 0	 2	 0	 2	 2	 0	 2	 3	 6	 2	 1	 2	 4	 2	 44	 15	 1	
132	 2	 2	 2	 2	 1	 3	 2	 3	 3	 4	 4	 3	 5	 2	 0	 4	 3	 5	 4	 2	 3	 3	 3	 3	 3	 1	 2	 3	 3	 1	 1	 	 1	 2	 2	 2	 1	 50	 50	 1	
133	 3	 3	 1	 2	 1	 3	 1	 3	 2	 1	 2	 2	 4	 2	 4	 2	 2	 5	 1	 0	 2	 5	 0	 0	 1	 2	 1	 2	 1	 2	 2	 	 2	 1	 2	 5	 5	 63	 1	 3	
134	 2	 2	 2	 3	 2	 3	 2	 3	 2	 2	 2	 3	 2	 4	 4	 0	 3	 4	 4	 2	 2	 4	 4	 0	 2	 2	 0	 4	 4	 2	 1	 3	 1	 3	 2	 1	 5	 76	 20	 3	
135	 1	 2	 2	 2	 1	 2	 3	 4	 2	 5	 2	 4	 5	 2	 4	 2	 5	 5	 5	 4	 2	 5	 4	 4	 2	 1	 4	 4	 4	 2	 1	 	 2	 3	 1	 1	 1	 61	 30	 2	
136	 4	 4	 4	 1	 2	 4	 5	 4	 5	 4	 0	 0	 0	 0	 0	 0	 0	 4	 0	 0	 0	 0	 0	 0	 2	 0	 2	 2	 	 2	 1	 3	 2	 3	 2	 4	 1	 44	 22	 2	
137	 4	 4	 1	 2	 1	 4	 2	 2	 2	 2	 2	 3	 4	 2	 4	 3	 4	 1	 4	 4	 2	 4	 4	 3	 2	 2	 2	 2	 4	 4	 5	 	 2	 3	 2	 2	 2	 45	 25	 2	
138	 2	 2	 2	 2	 1	 3	 1	 1	 1	 3	 3	 3	 4	 2	 4	 2	 3	 5	 5	 3	 2	 4	 3	 3	 2	 2	 2	 3	 2	 2	 6	 	 1	 2	 2	 4	 5	 75	 17	 1	
139	 3	 4	 3	 1	 1	 1	 2	 3	 1	 5	 1	 4	 3	 2	 4	 4	 4	 1	 5	 4	 2	 5	 1	 2	 1	 1	 1	 1	 4	 2	 4	 5	 2	 1	 2	 4	 2	 35	 4	 1	
140	 4	 4	 1	 2	 1	 2	 2	 1	 1	 1	 5	 2	 5	 2	 3	 0	 2	 5	 1	 2	 2	 5	 2	 0	 1	 1	 1	 1	 3	 3	 3	 	 1	 2	 2	 2	 5	 66	 31	 1	
141	 2	 2	 4	 2	 2	 2	 2	 4	 4	 2	 3	 4	 4	 1	 4	 1	 4	 5	 4	 4	 2	 5	 4	 4	 1	 1	 1	 2	 	 2	 3	 6	 3	 1	 2	 4	 1	 53	 3	 1	
142	 2	 2	 2	 3	 1	 3	 2	 4	 2	 4	 4	 4	 5	 5	 5	 5	 5	 5	 5	 5	 4	 5	 5	 5	 2	 1	 2	 4	 4	 3	 1	 3	 2	 3	 1	 3	 1	 58	 20	 2	
143	 3	 3	 2	 3	 1	 2	 1	 4	 1	 2	 4	 3	 4	 2	 4	 4	 4	 5	 0	 4	 2	 5	 4	 4	 2	 2	 2	 4	 4	 2	 1	 	 2	 2	 2	 4	 1	 54	 54	 2	
144	 	 	 1	 2	 2	 5	 2	 3	 3	 2	 3	 0	 4	 2	 4	 0	 2	 4	 2	 0	 2	 2	 0	 4	 2	 2	 2	 0	 0	 2	 5	 	 0	 3	 2	 3	 5	 72	 52	 3	
407	
	
	
145	 2	 2	 3	 2	 2	 2	 2	 1	 3	 2	 4	 4	 4	 0	 0	 0	 2	 4	 2	 0	 0	 4	 2	 0	 2	 2	 2	 3	 0	 0	 6	 	 2	 1	 2	 3	 2	 31	 31	 1	
146	 4	 5	 2	 1	 2	 4	 1	 0	 2	 2	 0	 1	 2	 2	 0	 2	 2	 2	 4	 0	 2	 5	 1	 2	 2	 1	 1	 2	 0	 0	 4	 6	 2	 1	 2	 3	 1	 23	 23	 2	
147	 2	 2	 1	 2	 2	 2	 5	 0	 3	 4	 2	 3	 5	 4	 4	 2	 4	 5	 4	 4	 2	 4	 5	 4	 2	 1	 2	 2	 2	 2	 2	 	 2	 3	 1	 2	 5	 61	 40	 2	
148	 3	 3	 1	 2	 1	 1	 2	 4	 1	 3	 4	 3	 5	 2	 4	 4	 4	 5	 4	 4	 2	 5	 4	 3	 2	 2	 4	 2	 3	 0	 3	 6	 2	 3	 2	 3	 1	 29	 29	 2	
149	 3	 3	 3	 1	 1	 2	 3	 3	 1	 2	 2	 3	 3	 3	 3	 3	 2	 5	 2	 3	 4	 3	 2	 2	 2	 2	 2	 2	 2	 2	 1	 3	 2	 1	 2	 2	 5	 76	 76	 2	
150	 4	 4	 2	 2	 2	 2	 2	 2	 2	 3	 4	 4	 4	 2	 4	 3	 3	 5	 2	 2	 2	 3	 2	 3	 2	 2	 2	 2	 2	 2	 1	 3	 1	 3	 2	 1	 5	 57	 52	 2	
151	 3	 3	 2	 2	 2	 2	 2	 2	 2	 2	 3	 2	 3	 3	 4	 3	 	 5	 3	 2	 0	 5	 4	 4	 2	 1	 1	 0	 4	 1	 3	 	 2	 1	 2	 	 5	 	 	 2	
152	 4	 4	 2	 2	 1	 4	 3	 3	 2	 4	 0	 0	 0	 0	 0	 2	 0	 2	 0	 0	 0	 0	 0	 0	 2	 2	 2	 2	 4	 0	 5	 	 1	 1	 2	 2	 1	 50	 28	 2	
153	 4	 4	 2	 1	 2	 3	 2	 0	 1	 2	 0	 0	 5	 2	 0	 2	 0	 5	 2	 2	 2	 5	 4	 4	 1	 1	 0	 2	 4	 4	 4	 	 2	 1	 2	 3	 1	 56	 56	 3	
154	 3	 3	 1	 3	 1	 1	 1	 2	 3	 5	 5	 5	 5	 2	 3	 3	 4	 5	 5	 3	 4	 4	 5	 5	 2	 1	 2	 3	 4	 3	 6	 	 1	 2	 2	 3	 5	 64	 38	 1	
155	 3	 2	 2	 2	 1	 2	 2	 1	 3	 3	 2	 2	 4	 2	 4	 3	 3	 4	 0	 1	 2	 3	 2	 	 4	 1	 1	 2	 5	 4	 4	 5	 2	 3	 2	 3	 5	 83	 62	 3	
156	 2	 2	 2	 2	 2	 2	 4	 2	 2	 4	 3	 3	 2	 2	 3	 2	 2	 4	 3	 2	 2	 4	 3	 3	 2	 2	 2	 2	 4	 1	 2	 6	 1	 2	 1	 1	 5	 71	 71	 2	
157	 4	 4	 2	 3	 1	 4	 1	 2	 3	 2	 3	 2	 4	 2	 3	 3	 2	 4	 2	 2	 2	 2	 2	 4	 2	 2	 2	 2	 2	 2	 6	 	 2	 1	 2	 3	 2	 61	 38	 1	
158	 2	 2	 2	 2	 2	 2	 	 3	 3	 3	 3	 4	 5	 1	 2	 4	 5	 5	 4	 4	 4	 5	 5	 5	 1	 1	 2	 2	 3	 0	 2	 	 2	 3	 1	 3	 1	 55	 35	 1	
159	 	 	 1	 3	 1	 3	 1	 0	 2	 3	 2	 	 4	 5	 5	 0	 3	 5	 5	 5	 2	 5	 5	 4	 3	 2	 2	 3	 5	 5	 5	 	 2	 3	 1	 4	 5	 79	 60	 3	
160	 4	 5	 5	 1	 2	 5	 1	 3	 1	 2	 3	 2	 0	 0	 0	 0	 2	 5	 5	 0	 2	 4	 0	 0	 1	 0	 0	 2	 0	 0	 0	 0	 0	 0	 2	 3	 6	 55	 30	 2	
161	 1	 2	 1	 2	 1	 1	 2	 1	 1	 2	 1	 1	 4	 2	 1	 1	 1	 4	 4	 1	 1	 4	 1	 4	 1	 1	 1	 1	 1	 1	 2	 6	 0	 0	 3	 1	 5	 74	 51	 1	
162	 1	 1	 1	 1	 1	 1	 5	 3	 3	 4	 	 5	 5	 3	 4	 3	 3	 5	 	 2	 2	 4	 5	 4	 2	 1	 3	 3	 4	 0	 3	 5	 2	 3	 1	 4	 5	 61	 30	 2	
163	 2	 2	 3	 2	 1	 2	 1	 2	 2	 2	 3	 3	 5	 3	 3	 3	 4	 5	 4	 4	 2	 4	 4	 4	 1	 1	 2	 1	 2	 3	 3	 5	 2	 1	 2	 3	 5	 69	 69	 3	
164	 3	 3	 3	 1	 1	 1	 1	 1	 1	 3	 1	 3	 3	 1	 3	 1	 1	 4	 3	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 	 0	 0	 1	 	 5	 72	 72	 2	
165	 2	 4	 3	 2	 2	 2	 0	 0	 4	 0	 1	 0	 5	 4	 2	 	 4	 5	 5	 4	 2	 4	 4	 4	 2	 1	 1	 4	 2	 0	 3	 5	 2	 3	 2	 4	 2	 44	 15	 2	
166	 2	 4	 4	 4	 1	 2	 2	 0	 1	 4	 2	 3	 0	 1	 4	 4	 4	 5	 4	 4	 2	 4	 2	 4	 2	 2	 4	 4	 3	 4	 1	 3	 1	 2	 2	 4	 1	 48	 3	 2	
167	 4	 5	 2	 2	 2	 3	 3	 0	 2	 3	 3	 3	 1	 2	 0	 4	 4	 5	 4	 2	 2	 4	 5	 4	 2	 1	 1	 4	 	 0	 5	 	 2	 3	 1	 4	 4	 49	 6	 3	
168	 1	 2	 1	 2	 1	 4	 4	 0	 4	 4	 	 4	 5	 4	 4	 4	 2	 4	 4	 2	 4	 4	 4	 4	 1	 1	 1	 4	 2	 3	 4	 	 1	 2	 1	 4	 1	 69	 19	 3	
169	 2	 3	 1	 3	 1	 2	 4	 1	 2	 	 4	 4	 5	 2	 2	 2	 2	 5	 1	 2	 2	 4	 4	 4	 2	 1	 3	 2	 2	 3	 5	 	 2	 3	 2	 2	 5	 50	 50	 3	
170	 2	 3	 2	 2	 3	 1	 1	 4	 3	 4	 4	 5	 4	 4	 4	 2	 4	 5	 5	 2	 5	 5	 5	 5	 1	 2	 2	 3	 4	 3	 1	 	 1	 0	 1	 3	 1	 61	 36	 3	
171	 5	 5	 2	 1	 2	 3	 3	 0	 2	 2	 0	 2	 4	 0	 0	 0	 2	 4	 3	 0	 0	 0	 2	 0	 2	 3	 2	 0	 0	 0	 4	 	 2	 1	 2	 2	 2	 48	 20	 3	
172	 5	 5	 3	 1	 1	 3	 1	 0	 1	 0	 0	 0	 3	 0	 0	 2	 3	 4	 2	 3	 3	 5	 4	 5	 1	 2	 2	 2	 4	 3	 1	 3	 2	 1	 1	 3	 1	 48	 20	 3	
173	 2	 2	 1	 2	 1	 2	 2	 0	 4	 2	 3	 3	 5	 2	 3	 3	 4	 5	 2	 2	 3	 5	 4	 3	 2	 2	 4	 2	 4	 4	 5	 	 2	 3	 1	 5	 5	 69	 45	 3	
174	 4	 3	 2	 2	 1	 2	 4	 2	 4	 4	 4	 4	 5	 3	 4	 3	 4	 5	 2	 2	 3	 3	 4	 5	 2	 5	 4	 2	 2	 4	 1	 6	 2	 1	 1	 4	 5	 78	 42	 1	
408	
	
	
175	 3	 2	 1	 3	 1	 4	 2	 3	 2	 4	 4	 2	 0	 1	 4	 4	 2	 4	 5	 5	 2	 5	 5	 4	 1	 0	 2	 1	 5	 2	 1	 6	 2	 3	 2	 3	 1	 33	 15	 1	
176	 3	 4	 3	 1	 2	 4	 2	 3	 4	 4	 4	 3	 5	 2	 0	 2	 2	 5	 2	 2	 2	 3	 5	 4	 2	 2	 2	 4	 2	 2	 1	 3	 1	 2	 1	 5	 1	 59	 47	 1	
177	 3	 4	 2	 1	 1	 4	 2	 5	 5	 4	 4	 3	 5	 1	 4	 4	 4	 5	 5	 4	 1	 4	 4	 3	 2	 2	 2	 4	 2	 2	 3	 6	 2	 3	 1	 3	 3	 44	 15	 1	
178	 3	 3	 4	 2	 1	 2	 1	 2	 2	 	 3	 3	 4	 2	 0	 0	 0	 4	 4	 0	 0	 4	 0	 2	 	 2	 0	 1	 0	 1	 2	 6	 0	 0	 2	 5	 2	 68	 68	 1	
179	 2	 4	 2	 2	 1	 4	 1	 5	 4	 5	 5	 4	 5	 5	 5	 5	 4	 5	 5	 4	 2	 4	 4	 4	 2	 2	 2	 1	 4	 2	 1	 2	 1	 2	 2	 3	 2	 40	 14	 2	
180	 2	 3	 2	 2	 1	 2	 2	 3	 4	 4	 4	 4	 5	 1	 4	 4	 4	 4	 4	 2	 3	 4	 4	 4	 1	 1	 3	 5	 4	 4	 1	 	 2	 3	 1	 3	 1	 43	 25	 1	
181	 2	 2	 2	 2	 2	 2	 2	 2	 1	 2	 1	 2	 4	 2	 4	 4	 4	 4	 4	 4	 1	 2	 2	 3	 2	 1	 2	 2	 4	 1	 3	 	 2	 2	 1	 5	 5	 66	 66	 3	
182	 4	 3	 2	 2	 2	 1	 2	 3	 	 3	 2	 3	 4	 2	 2	 2	 3	 5	 2	 2	 2	 3	 3	 3	 1	 	 	 2	 3	 1	 1	 3	 2	 3	 2	 2	 5	 79	 43	 2	
183	 5	 5	 2	 1	 2	 3	 3	 3	 3	 3	 2	 0	 2	 2	 0	 0	 0	 0	 4	 0	 2	 0	 0	 0	 2	 2	 0	 2	 0	 0	 4	 	 1	 1	 2	 4	 1	 27	 27	 2	
184	 5	 5	 3	 1	 2	 3	 1	 4	 2	 2	 3	 3	 4	 2	 4	 2	 1	 4	 3	 4	 3	 4	 1	 3	 2	 1	 1	 3	 3	 2	 4	 	 1	 2	 2	 4	 1	 43	 43	 1	
185	 2	 3	 4	 3	 1	 1	 1	 1	 4	 4	 2	 4	 5	 1	 4	 5	 5	 5	 	 2	 1	 4	 2	 4	 1	 1	 2	 2	 3	 3	 6	 	 2	 1	 2	 2	 1	 37	 17	 1	
186	 2	 4	 3	 2	 2	 2	 1	 2	 2	 2	 0	 4	 0	 0	 0	 2	 0	 4	 4	 4	 	 0	 0	 0	 2	 1	 2	 0	 2	 1	 6	 	 1	 2	 2	 5	 5	 63	 41	 1	
187	 4	 4	 2	 2	 2	 3	 2	 3	 4	 4	 4	 4	 4	 2	 3	 2	 4	 5	 4	 2	 3	 4	 2	 4	 2	 2	 2	 3	 4	 1	 1	 6	 2	 1	 2	 2	 5	 73	 5	 1	
188	 5	 5	 5	 1	 3	 4	 2	 1	 3	 0	 0	 0	 0	 0	 4	 0	 4	 5	 4	 4	 0	 4	 2	 2	 2	 2	 2	 2	 3	 0	 3	 5	 2	 3	 3	 2	 1	 34	 11	 1	
189	 2	 3	 1	 2	 2	 1	 2	 3	 3	 2	 3	 4	 3	 3	 4	 2	 2	 3	 	 	 	 4	 2	 	 2	 	 	 3	 4	 2	 3	 	 2	 0	 2	 1	 2	 73	 73	 2	
190	 2	 3	 2	 2	 2	 4	 2	 3	 3	 4	 4	 4	 5	 2	 4	 4	 4	 4	 2	 2	 2	 4	 4	 4	 2	 2	 2	 2	 3	 2	 1	 3	 2	 3	 1	 3	 6	 27	 27	 1	
191	 3	 4	 4	 2	 1	 2	 2	 3	 3	 3	 0	 4	 2	 0	 0	 4	 0	 2	 4	 0	 1	 4	 4	 0	 2	 0	 2	 2	 0	 0	 3	 	 2	 3	 2	 3	 1	 24	 5	 1	
192	 2	 3	 2	 2	 1	 2	 2	 2	 3	 4	 2	 3	 5	 2	 4	 4	 3	 5	 4	 3	 2	 4	 5	 4	 2	 1	 2	 3	 2	 2	 3	 6	 2	 3	 2	 1	 6	 59	 30	 1	
193	 3	 3	 1	 2	 1	 3	 3	 1	 5	 4	 5	 4	 5	 4	 2	 3	 5	 5	 5	 1	 2	 4	 5	 5	 5	 1	 2	 1	 5	 2	 2	 	 0	 0	 1	 1	 6	 61	 61	 2	
194	 4	 4	 4	 1	 2	 2	 1	 1	 5	 4	 2	 2	 4	 2	 4	 4	 4	 0	 2	 0	 2	 4	 2	 0	 2	 2	 2	 2	 4	 0	 3	 6	 2	 3	 2	 3	 3	 25	 2	 1	
195	 3	 4	 2	 1	 1	 2	 3	 2	 4	 4	 3	 3	 5	 2	 4	 2	 4	 5	 4	 1	 2	 4	 2	 4	 1	 1	 1	 3	 2	 3	 1	 2	 2	 3	 1	 4	 1	 50	 40	 1	
196	 3	 4	 2	 2	 2	 4	 2	 4	 2	 4	 3	 2	 5	 2	 4	 4	 4	 4	 2	 4	 4	 5	 4	 4	 2	 1	 2	 2	 2	 2	 6	 	 2	 3	 1	 4	 4	 62	 15	 1	
197	 5	 5	 3	 1	 2	 3	 1	 3	 2	 2	 0	 2	 2	 2	 0	 0	 2	 5	 2	 0	 5	 2	 0	 4	 2	 0	 0	 0	 0	 2	 0	 0	 0	 0	 2	 2	 2	 	 	 1	
198	 3	 4	 2	 2	 1	 2	 3	 2	 3	 4	 4	 4	 2	 2	 4	 4	 2	 4	 4	 4	 2	 4	 2	 3	 2	 2	 2	 2	 4	 0	 2	 5	 2	 1	 2	 4	 2	 57	 5	 3	
199	 4	 4	 3	 2	 2	 2	 2	 2	 3	 3	 4	 0	 0	 4	 4	 2	 4	 5	 2	 0	 2	 4	 4	 0	 1	 1	 2	 2	 5	 1	 3	 	 2	 3	 2	 4	 6	 52	 42	 2	
200	 2	 3	 1	 1	 1	 1	 1	 3	 2	 	 	 	 5	 	 2	 	 	 	 1	 1	 1	 3	 1	 	 1	 1	 	 1	 1	 	 	 	 2	 3	 2	 4	 5	 	 23	 3	
201	 2	 2	 1	 2	 1	 4	 2	 3	 4	 2	 2	 2	 4	 2	 0	 2	 1	 4	 4	 4	 1	 4	 2	 3	 2	 1	 1	 1	 4	 4	 6	 	 2	 1	 2	 4	 1	 47	 47	 2	
202	 2	 3	 1	 3	 1	 1	 2	 2	 4	 4	 2	 0	 5	 1	 4	 4	 4	 5	 4	 1	 1	 4	 0	 4	 1	 1	 1	 4	 4	 4	 6	 	 2	 3	 2	 2	 2	 55	 28	 1	
203	 3	 3	 3	 3	 1	 1	 3	 2	 2	 3	 2	 3	 3	 2	 2	 2	 3	 4	 2	 2	 2	 4	 0	 3	 2	 2	 2	 2	 0	 2	 2	 	 1	 2	 2	 1	 1	 55	 55	 2	
204	 1	 1	 2	 4	 1	 1	 1	 2	 1	 2	 3	 2	 4	 2	 3	 1	 2	 4	 4	 1	 2	 4	 3	 2	 1	 1	 2	 2	 2	 1	 2	 6	 1	 2	 1	 2	 5	 75	 75	 2	
409	
	
	
205	 4	 4	 2	 1	 2	 2	 2	 3	 2	 3	 2	 4	 2	 2	 2	 4	 2	 5	 5	 2	 4	 4	 4	 3	 2	 4	 2	 2	 4	 3	 3	 5	 2	 1	 2	 1	 5	 65	 30	 2	
206	 2	 3	 2	 3	 2	 2	 3	 0	 3	 3	 3	 4	 5	 2	 3	 3	 4	 5	 4	 2	 2	 5	 2	 2	 1	 1	 2	 3	 4	 4	 1	 	 2	 3	 1	 3	 1	 52	 35	 3	
207	 2	 2	 2	 3	 1	 1	 2	 0	 3	 2	 4	 2	 4	 2	 4	 1	 4	 4	 4	 4	 4	 5	 5	 4	 1	 1	 2	 2	 4	 1	 5	 	 2	 3	 1	 3	 2	 64	 34	 3	
208	 1	 2	 1	 1	 2	 3	 4	 5	 0	 5	 4	 3	 2	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 6	 	 2	 3	 1	 4	 1	 29	 2	 2	
209	 3	 1	 2	 2	 1	 1	 1	 1	 1	 1	 3	 2	 5	 2	 4	 3	 3	 5	 4	 3	 1	 2	 2	 3	 1	 1	 2	 2	 2	 4	 5	 6	 2	 3	 2	 4	 5	 67	 67	 1	
210	 1	 3	 1	 3	 1	 1	 1	 4	 1	 5	 5	 2	 5	 5	 5	 5	 5	 5	 5	 5	 5	 5	 5	 5	 1	 1	 2	 3	 5	 3	 1	 6	 2	 3	 1	 4	 5	 67	 12	 1	
211	 3	 2	 2	 1	 1	 2	 0	 4	 2	 0	 0	 4	 5	 4	 0	 0	 4	 5	 1	 0	 2	 5	 0	 4	 2	 1	 3	 4	 5	 2	 1	 3	 2	 3	 2	 3	 1	 59	 40	 3	
212	 3	 4	 2	 1	 1	 1	 1	 3	 5	 4	 2	 0	 5	 5	 5	 0	 4	 5	 3	 2	 0	 5	 0	 0	 2	 2	 2	 4	 0	 2	 1	 6	 1	 1	 2	 3	 6	 27	 27	 1	
213	 3	 4	 2	 3	 1	 2	 3	 4	 4	 3	 4	 3	 2	 2	 0	 0	 2	 4	 2	 2	 2	 4	 5	 4	 2	 4	 2	 4	 4	 0	 3	 	 2	 1	 2	 4	 5	 66	 12	 1	
214	 2	 2	 1	 3	 2	 3	 1	 4	 2	 4	 4	 2	 4	 2	 4	 2	 2	 5	 5	 3	 2	 5	 4	 2	 2	 2	 4	 3	 4	 2	 2	 6	 1	 2	 2	 4	 1	 47	 20	 2	
215	 5	 4	 2	 1	 1	 3	 1	 0	 1	 0	 0	 0	 4	 2	 4	 2	 2	 5	 3	 4	 2	 2	 2	 0	 2	 2	 2	 2	 2	 0	 5	 	 1	 1	 2	 1	 5	 71	 44	 1	
216	 3	 3	 3	 1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 1	 	 1	 2	 1	 2	 4	 18	 18	 3	
217	 2	 2	 2	 3	 1	 2	 0	 3	 4	 3	 0	 3	 4	 2	 2	 4	 4	 5	 4	 2	 2	 4	 4	 4	 1	 2	 4	 3	 2	 4	 5	 	 2	 3	 2	 4	 5	 68	 28	 3	
218	 2	 2	 1	 3	 1	 3	 2	 2	 3	 2	 1	 2	 5	 1	 2	 2	 4	 5	 5	 1	 2	 2	 5	 4	 1	 5	 2	 4	 5	 4	 1	 	 2	 3	 1	 4	 2	 67	 28	 1	
219	 4	 3	 4	 1	 1	 2	 2	 0	 3	 4	 4	 4	 5	 2	 4	 5	 5	 5	 5	 4	 3	 5	 5	 3	 3	 4	 4	 1	 4	 4	 3	 	 2	 3	 2	 4	 2	 30	 3	 2	
220	 2	 2	 1	 1	 1	 1	 1	 2	 3	 3	 1	 2	 5	 2	 5	 4	 4	 5	 1	 2	 1	 1	 2	 3	 1	 1	 1	 2	 5	 1	 2	 	 2	 3	 1	 2	 5	 67	 67	 1	
221	 2	 4	 2	 1	 2	 4	 2	 1	 1	 1	 1	 1	 1	 1	 1	 1	 2	 5	 0	 2	 2	 0	 2	 2	 2	 5	 2	 2	 2	 5	 4	 5	 2	 1	 1	 4	 1	 29	 29	 3	
222	 3	 3	 3	 1	 1	 3	 1	 3	 1	 2	 2	 2	 4	 0	 4	 4	 2	 4	 2	 0	 2	 0	 0	 2	 2	 2	 2	 2	 4	 3	 1	 3	 1	 1	 2	 1	 4	 51	 30	 1	
223	 5	 5	 4	 1	 1	 1	 1	 5	 0	 0	 0	 0	 5	 0	 0	 1	 0	 0	 5	 0	 0	 0	 0	 0	 0	 1	 0	 1	 0	 0	 3	 	 1	 2	 2	 2	 1	 45	 33	 3	
224	 4	 4	 2	 3	 1	 4	 2	 2	 2	 2	 4	 2	 4	 1	 5	 0	 4	 5	 0	 4	 2	 4	 0	 0	 1	 2	 2	 2	 2	 2	 3	 6	 2	 3	 2	 2	 2	 36	 36	 2	
225	 4	 4	 3	 1	 2	 2	 3	 4	 2	 2	 2	 3	 4	 4	 4	 4	 3	 4	 2	 2	 2	 4	 4	 4	 3	 1	 2	 2	 4	 2	 5	 	 2	 3	 1	 2	 2	 72	 34	 3	
226	 1	 3	 2	 2	 1	 2	 2	 2	 4	 5	 5	 5	 5	 2	 5	 5	 5	 5	 5	 5	 1	 5	 5	 3	 2	 1	 5	 5	 5	 2	 6	 	 2	 1	 1	 4	 5	 62	 36	 1	
227	 4	 3	 2	 2	 2	 4	 2	 0	 2	 5	 2	 2	 0	 2	 0	 0	 2	 4	 4	 4	 2	 4	 2	 4	 2	 2	 2	 2	 0	 2	 1	 	 2	 3	 2	 4	 1	 47	 6	 1	
228	 1	 3	 1	 1	 2	 1	 3	 0	 3	 5	 2	 4	 5	 0	 0	 0	 4	 5	 5	 2	 2	 5	 4	 0	 2	 1	 2	 3	 4	 0	 2	 	 1	 2	 1	 3	 5	 68	 8	 2	
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